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Many articles have been written on various aspects of film storage. This 
booklet is an attempt to bring together the pertinent information on 
all phases of the subject—unprocessed and processed film, black-and- 
white and color materials, professional 16mm and 35mm films, safety 
and nitrate base films, commercial and archival storage, etc. It is par¬ 
ticularly appropriate at this time because of the large scale transition 
from black-and-white to color film which has followed the transition 
from nitrate to safety support. It is assumed that all raw stock used in 
the United States is now on safety base but that processed films in stor¬ 
age include both types. 

In a previous booklet (15)* information and recommendations on 
film storage were given from the point of view of the hazard involved 
with nitrate stock. The precautions considered were those necessary 
to minimize the chance of a nitrate film fire or to prevent injury to per¬ 
sonnel and damage to property in the event that a fire did occur. The 
booklet on hazard was published at the time the transition from nitrate 
to acetate motion-picture film was taking place, because of the pos¬ 
sibility that safety precautions might be relaxed too soon, while nitrate 
film was still in use or in storage. Nothing was said about the addi¬ 
tional care and precautions which are desirable to keep the film itself— 
either nitrate or acetate—in the best possible condition and to preserve 
film records for as long as they are needed. 

The distinction between fire protection and film preservation can be 
illustrated more clearly by the following situations. In the event of a 
nitrate film fire in an approved fire-resistant vault equipped with vents, 
automatic water sprinklers, etc., damage to the building would be con¬ 
fined to the vault but priceless films might be destroyed from the heat 
or water. Acetate films are slow-burning and do not create a fire hazard, 
but they can also be ruined by heat and water or improper storage. For 
these reasons, storage and preservation of the film requires considera¬ 
tion of a number of factors in addition to fire protection. These vary 
with the kind of film, the value of the record, its desired life, the pre¬ 
vailing climate, and so forth. The change from nitrate to acetate sup¬ 
port in motion-picture film manufacture (virtually completed in the 
United States in 1951) greatly simplifies film preservation because of 
the superior stability of the acetate stock. However, appreciable quan¬ 
tities of nitrate film still remain in storage and these cannot be ignored. 

This booklet is offered to the motion-picture industry in the hope 
that it will help those concerned with the care of raw stock and the 
storage of processed film. For information on related subjects the 
reader is referred to other available literature (pages 63-66). 


* Numbers in parentheses refer to the bibliography, pages 63-66. 
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It will be helpful in understanding the problems associated with film 
storage if the structure and composition of motion-picture film, and 
certain properties relating to storage are first described. 

DEFINITIONS 

Safety Film —Any photographic film, acetate or otherwise, which meets the re¬ 
quirements of the American Standard Definition of Safety Photographic Film, 
PH 1.25-1956 (20) or the latest revision thereof. 

Acetate Film —This is a general term used in this booklet to describe all of the 
safety cellulose ester base films whether made on cellulose acetate, cellulose 
triacetate, cellulose acetate propionate, or cellulose acetate butyrate support. 

Nitrate Film —Photographic film made on a base consisting primarily of cellulose 
nitrate. 

Note: All acetate motion-picture films manufactured by the Eastman Kodak 
Company meet the requirements of the American Standard for safety films, men¬ 
tioned above, and are also approved by the Underwriters’ Laboratories, Inc., as 
slow-burning films. 

FILM STRUCTURE AND COMPOSITION 

Motion-picture film consists of a plastic base or support on which is 
coated a thin adhesive layer (substratum) and one or more emulsion 
layers (Figure 1). Eastman black-and-white negative films and some 
sound recording films are provided with antihalation protection by the 
incorporation of a small amount of a neutral gray dye in the base 

EMULSION -> 

SUBSTRATUM-j> 


BASE -» 


BACKING -» 

Figure 1. Structure of motion-picture film. 

which is not removed in processing. In the case of Eastman Color Films 
and Kodachrome Films, there are several emulsion layers coated one 
on top of the other, and on the reverse side there is an antihalation 
jet backing which is removed in processing. Duplitized print films 
formerly made for special two- and three-color processes have a sub 
layer and an emulsion on both sides of the base. 
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The base or support of acetate motion-picture film, which is approxi¬ 
mately 0.005 5-inch in thickness, is usually made from cotton or wood 
cellulose by chemical treatment which converts it into a plastic. In 
former years, most motion-picture film support was of the highly flam¬ 
mable, cellulose nitrate type. The only "safety” or slow-burning films 
up to about 1938 were made from acetone-soluble cellulose acetate. 
These were followed by the cellulose acetate propionate and acetate 
butyrate types. In spite of the hazardous nature of nitrate film and the 
safety precautions which were necessary in the handling and storage 
of this material, it was preferred over the early types of acetate film for 
commercial 35 mm use because of its superior physical characteristics 
( 2 ). 

In recent years, an improved safety support made of high acetyl 
cellulose acetate (commonly called "cellulose triacetate”) has been de¬ 
veloped and this new safety support is fully suited to the rigid require¬ 
ments of commercial motion-picture use (3). As a result, the Eastman 
Kodak Company has not manufactured any nitrate film in the United 

States since 1951. 

Although virtually all Eastman 35 mm motion-picture films, as well 
as 16mm black-and-white motion-picture films, are now made on tri¬ 
acetate support, Kodachrome Film is currently made on cellulose ace¬ 
tate propionate support. Kodachrome and Eastman Color Films were 
never made on nitrate base, but imbibition* color print and various 
two-color print stocks were made on nitrate film for a number of years 
prior to 1951. 

The light-sensitive emulsion of photographic film is generally made 
from a gelatin binder in which silver salts and other chemicals are 
incorporated. The developed image in black-and-white film consists of 
very finely divided metallic silver, while the image in color films gener¬ 
ally consists of various organic dyes. 

IDENTIFICATION OF ACETATE AND NITRATE FILM 

Proper identification of acetate and nitrate film is of the utmost im¬ 
portance wherever motion-picture film is being handled or stored. Not 
only is nitrate film a dangerous fire hazard but valuable acetate films 
may be damaged by storage with unstable nitrate films (57). It is safe 
to assume that all 16mm film, either slit originally as 16mm or slit 
from 32mm film, is on safety base because this type has never been 
made on nitrate stock. On the other hand, appreciable quantities of 
nitrate 35 mm film are still in existence and any 35 mm motion-picture 
film not definitely known to be safety should be treated as nitrate un¬ 
less positively identified otherwise. The booklet, "Hazard in the Han- 

*An imbibition color film is one in which the color dyes are not chemically formed in the 
film but are transferred by contact with a dyed matrix or master. 
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dling and Storage of Nitrate and Safety Motion Picture Film, 




(15) 


describes several ways of identifying acetate and nitrate film, but much 
of this information is repeated here because of its importance. 

A safe, simple, foolproof method for identifying nitrate and acetate 
film correctly is not as easy as it might seem. For many years, film 
manufacturers have printed the words "NITRATE FILM” at frequent 
intervals along the edge of film made on nitrate base, and the words 




SAFETY FILM 




along the edge of film made 


on acetate base. This 


has usually been done by a latent image exposure at the time of slit¬ 
ting or perforating and the identification is visible only after processing. 
This identification system was adequate as long as only nitrate film 
was used for professional 35 mm theater productions. Now that both 
nitrate and acetate films have been in general use, there is the danger 
of misidentification caused by printing through from a safety negative 
onto a nitrate print or vice versa. 


Figure 



illustrates what can happen when a nitrate positive is 


printed from an acetate master and an acetate duplicating negative. 
The nitrate print carries not only its own identifying name in black 
but the words "SAFETY FILM” in white printed through from the 


acetate duplicating negative, and the same in black printed through 
from the acetate master positive. The original identifying name on a 
piece of film usually appears sharper than one resulting from a second 
generation print, but there is still a real danger of misidentification. 
Both black-and-white and color prints sometimes have a flash along 
the edge which virtually obliterates the nitrate or safety identification. 
Additional limitations to this system of film identification are the facts 
that it is invisible in the raw stock and that every individual spliced 
strip of processed film in a roll must be examined. It is thus apparent 
that this system of nitrate and safety base identification is entirely in- 
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through from 


print on nitrate stock showing conflicting identifications 
a safety master positive and a safety duplicating negative. 


printed 
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adequate. Two other systems of identification used in recent years are 
described in the following sections and summarized in Table I. 


1 Table 1 — Summary of Ways of Visually Identifying Eastman Safety 1 

| Motion-Picture Films from Nitrate | 

I Film Type 

■ 

Formerly 
Made on 
Nitrate 
Base 

Latent Image 
Edge Printing 
'Safety’’ on 
Acetate Film 

Safety Frame- 
Line Ink 
Mark on 
Acetate Film 

Fluorescent 1 
Edge for 1 
Acetate Film 1 

1 1 6mm, all types 

no 

yes 

no 

yes ( 1 ) | 

1 32mm, all types 

no 

yes 

no 

yes I 

1 35mm, Negative Film (for black-and- 
I white and F. G. Sound 

1 Recording) 

yes 

yes 

yes (2) 

yes (6) I 

1 F. G. Release Positive (for 

1 both black-and-white and 

imbibition color prints) 

yes 

yes 

yes (3) 

yes 1 

Duplitized Positive Film 
(for color prints) 

yes 

yes 

yes (4) 

yes I 

Eastman Color Negative, Inter- 
1 negative and Intermediate 

1 Films 

no 

yes 

no 

yes 1 

Eastman Color Print Films 

no 

yes 

yes (5) 

yes I 

1 Eastman Embossed Films 

no 

no 

no 

no 1 

1 Film perforated for 

1 CinemaScope 

no 

yes 

no 

yes I 

I 55mm 

no 

no 

no 

yes 1 

1 65mm\ 

1 70mm J 

yes 

yes 

no 

yes I 


(1) Except Reversal Color Print, most Kodachrome and amateur Cine Kodak films. 

(2) Since 1951. 

(3) Since 1949. 

(4) On emulsion; washes out in processing. 

(5) Comes off with backing in processing. 

(6) Fluorescent edge of negative films not as bright as positive films under ultraviolet 

light because of antihalation dye in base. 


1 • Distinctive Visible Frame-Line. The present visible frame-line 
mark on Eastman 35mm motion-picture films runs lengthwise of the 
film instead of widthwise (Figure 3). It is applied by ink on the back 
of the film and is located between the perforations so that it will not 
'print through.” If this frame-line mark is present on Eastman film it 
is safe to assume that the film is safety, but if it is not present the film 

may be either safety or nitrate. 

Unfortunately, it has not been possible to use this safety frame-line 
for identifying all color films. It is not used on Eastman Color Nega¬ 
tive, Color Internegative or Color Intermediate films. A special inked 
frame-line marking is used on the back of Eastman Color Print Film, 
but it is not visible after processing because of the removal of the jet 
antihalation backing. The frame-line marking was used on duplitized 
films formerly made for special color processes with emulsion on both 
sides of the base, but it is not used on films having an embossed base. 
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Figure 3. The Eastman visible frame-line mark on processed safety film compared 
with nitrate. 


2. A Fluorescent Edge for Acetate Film. One disadvantage to 
any film marking system is that in a spliced roll, every separate strip 
has to be examined to make sure that the entire roll, including leader 
and trailer, is safety film. Correct identification of the entire roll is espe¬ 
cially important for sorting films going into storage vaults where a 
small piece of nitrate film might damage other films. 

The method which has been adopted by the Eastman Kodak Compa¬ 
ny to overcome this difficulty is to incorporate a very small amount of 
a fluorescent chemical in the triacetate film base used for 35mm (and 
some 16mm) motion-picture film. When a roll of film so treated is 
viewed on edge under a suitable ultraviolet lamp in a partially darkened 
room, a bluish-purple fluorescence is visible, whereas untreated film, 
viewed in the same way, appears black. In white light, fluorescent- 
treated and untreated films look exactly the same. Black-and-white 
negative films on gray triacetate base, and films with a dense image 
extending to the film edge, do not fluoresce as brightly as films on 
clear base. Extensive tests in both the laboratory and the trade indicate 
that the fluorescent treatment of the base has no detrimental effect on 
the film before or after development. 
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Figure 4. A mixed roll of fluorescent- 
treated safety film (white) and untreated 
nitrate film (dark) on an exchange reel. 
(Photographed with ultraviolet light.) 
The edge of the treated safety film is 
actually colored bluish-purple and the 
nitrate film black in ultraviolet light. 
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This simple and effective method of rapidly distinguishing nitrate 
and acetate film on an exchange reel is illustrated in Figure 4. The 
nitrate film appears black and the fluorescent-treated safety film ap¬ 
pears white in this reproduction. The contrast between the two films is 
much more striking in actual practice where the edge of the safety 
film appears bluish-purple. The exchange reel does not permit as 
complete an examination as in the case of a roll on a core, but it is 
still possible to tell quickly whether the roll is nitrate or acetate. 

A suitable inexpensive ultraviolet lamp in various table, overhead, 
portable, spot, or flood-light models may be purchased from several 
manufacturers, complete with transformer and filter ready for use. 
A 100-watt bulb is recommended for permanent installation but smaller 
or larger ones may be obtained if desired. The ultraviolet bulbs and 
other parts may also be purchased separately from electrical supply 
stores and assembled in standard fixtures. Figure 5 illustrates how easily 




film may be examined by means of a portable ultraviolet lamp. 

The ultraviolet lamp should be equipped with a hood or reflector 
and care should be taken not to expose the eyes for long periods to 
direct ultraviolet radiation from these lamps. Provided such care is 
taken, ultraviolet lamps present no personnel hazard. They are in con¬ 
stant use in various other industries, for example, for identifying mark¬ 


ings on clothing in laundries. CAUTION: A word of warning is in 
order in the case of laboratories using sensitized photographic ma¬ 
terials because ultraviolet lamp bulbs contain mercury. If broken, care 
must be taken not to carry or track mercury into rooms where unde¬ 
veloped film is stored or handled. Even slight traces of mercury pro- 

Some manufacturers of such units are: 

Switzer Brothers, Inc., 1220 Huron Road, Cleveland 15, Ohio. 

Keese Engineering Company, 7354-56-58 Santa Monica Blvd., Hollywood 46, Calif. 
Black Light Eastern Corporation, 33-00 Northern Blvd., Long Island City 1, N. Y. 
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Figure 5. Examination of a 
roll of processed motion-pic¬ 
ture film with a portable ultra¬ 
violet lamp to distinguish fluo- 
rescent-treated triacetate film 
(light) from nitrate film (dark). 
Lamp manufactured by Keese 
Engineering Company, Holly¬ 
wood, California. 



duce sensitized or desensitized spots on film which may show either 
dark or light when developed. 

It should also he pointed out that the above method of examination 
is intended for processed film only and that if used in the inspection 
of raw stock, fogging of the latter will result. 

Where all of the above identification methods fail, or where further 
confirmation is desired, positive identification of the base may be estab¬ 
lished by one of the laboratory tests described in Appendix A. 

EFFECT OF RELATIVE HUMIDITY AND TEMPERATURE 
ON FILM PROPERTIES 

Some conception of the manner in which both the photographic and 
physical properties of motion-picture film are affected by relative 
humidity and temperature is necessary to understand the need for the 
storage recommendations set forth in the pages which follow. 

Both the photographic emulsion and the film support absorb mois¬ 
ture from the air and their properties are very dependent on the 
amount of moisture they contain. A piece of film surrounded by dry 
air will give up moisture to the air, while a piece of film surrounded 
by damp air will absorb moisture from the air until a balance or 
"equilibrium” is reached. 

The quantity of moisture held by a photographic film at equilibrium 
is determined by its chemical properties and the relative humidity of 
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the air (not the absolute humidity). The relationship between relative 
humidity and the moisture content of Eastman triacetate motion-picture 
film, film base, and emulsion at equilibrium is shown in Figure 6. 
These curves demonstrate clearly why a photographic emulsion is 
much more sensitive to humidity than film base, and why relative 
humidities above 60% have an increasingly serious effect on film 
properties. 




RELATIVE HUMIDITY, %> 


Figure 6. The equilibrium 
moisture content of a typical 
positive emulsion, triacetate 
base, and a complete nega¬ 
tive film at various relative 
humidities at 70 F. 


The rate at which moisture equilibrium is attained, is another film 
property important from a storage standpoint. This rate of condition¬ 
ing depends on the thickness of the film which is available to the air, 
the temperature, air velocity, etc. Figure 7 shows that a single layer of 
acetate film of normal motion-picture thickness (0.006 inch) freely 
exposed to circulating air, reaches equilibrium in about one hour, 
whereas the same film wound in a 16mm roll requires about two weeks 
and in a 35mm roll about four weeks, under the conditions indicated. 
This demonstrates the difficulty of conditioning film in any form other 
than single strands (see page 30). 

Most Eastman black-and-white motion-picture films are in equilibri¬ 
um with air at approximately 60% relative humidity when packaged 
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Figure 7. Rate of condi¬ 
tioning of Eastman Safety 
Motion Picture Positive 

Film from 20% to 50% 

R.H. at 70 F. (Rolls wound 

at 24 oz. tension, air ve¬ 
locity approximately 1 ft. 
per second.) 


at the factory. Some 16mm films and all color motion-picture films 
are packaged in equilibrium with air at a relative humidity of approxi¬ 
mately 50%. The exact humidity value depends upon the particular 
product and is very carefully controlled. Motion-picture film is pack¬ 
aged in cans sealed with adhesive tape, which prevents any significant 
change in moisture content up to the time the seal is broken. 

1. Effect of Relative Humidity. Higher relative humidities than 
recommended (above 50% to 60%) accelerate the loss of film speed 
and contrast, change the color balance of color films, increase shrink¬ 
age, produce mottle and ferrotyping (glossy marks), cause softening 
and sticking of the emulsion, promote fungus growth and, in the case 
of nitrate films, decomposition of the support. Lower relative humidi¬ 
ties increase the susceptibility of film to static markings, brittleness, 
and curl. In the case of processed film, photographic sensitivity is no 
longer a factor, but physical, chemical, and biological factors are just 
as important as with raw film. 

2. Effect of Temperature. Motion-picture film is physically serv¬ 
iceable over a considerable range of temperature—approximately -65 F 
to 160 F (40, 41). However, film speed is lower and longer exposures 
are generally required at very low temperatures. Changes in contrast 
and color balance may also occur under these conditions, and the film 
becomes increasingly brittle below zero F. Above 70 F, sensitometric 
deterioration of the sensitive emulsion is much more rapid. Raw films 
are generally badly fogged in a few hours at 200 F but, with special 
precautions, pictures for scientific purposes can be taken at tempera¬ 
tures up to approximately 250 F depending on the particular emulsion. 
Film shrinkage and distortion increase rapidly and tensile strength de¬ 
creases as the temperature rises. Current Eastman acetate film supports 

soften at 300-350 F. 
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Processed acetate film will withstand elevated temperatures much 
better than raw film, since photographic sensitivity is no longer a fac¬ 
tor (see page 18). Nevertheless the physical characteristics of the film 
are adversely affected and color images are faded by heat. Nitrate film, 
of course, decomposes more rapidly as the temperature rises. 

A more detailed description of the effect of atmospheric conditions 
on the physical properties of motion-picture film may be found else¬ 
where (2). 

DECOMPOSITION OF NITRATE FILM 

The hazardous properties of nitrate film from a fire standpoint were 
described in a previous booklet (15). Here we are concerned with the 
slow chemical decomposition of nitrate film which can destroy the rec¬ 
ord even though a fire may not occur (55). 

The chemical stability of cellulose nitrate, from which nitrate film 
base is made, is relatively poor. It is chemically similar to guncotton, 
but contains somewhat less nitrate in the molecule and is not explosive, 
although it is highly flammable. This type of base decomposes slowly 
but continuously even under normal room conditions. The decomposi¬ 
tion produces small amounts of gases such as nitric oxide, nitrogen 
dioxide, and others. Nitrogen dioxide forms nitric and nitrous acids in 
the presence of moisture and, in addition, is a powerful oxidizing 
agent. Unless the nitrogen dioxide can escape readily from the film 
roll, it reacts with the base, speeding up the decomposition so that as 
times goes on the reaction goes faster and faster. The film base gradu¬ 
ally turns yellow, then brown in color, becomes brittle, and finally 
turns to powder. This process ends only with complete decomposition 
of the film or, under certain conditions, spontaneous combustion. 

Chemists call this type of decomposition, in which the chemicals 
released accelerate the reaction, "autocatalytic.” It is particularly in¬ 
sidious because the extent of the decomposition under any one condi¬ 
tion is not proportional to the age of the film and it is therefore diffi¬ 
cult to detect in time. Nitrate films which have remained in apparently 
good condtion for a period of many years may become useless in the 
course of another year. 

The life of nitrate films varies widely and depends on many factors. 
There are in existence nitrate films which are nearly 60 years old and 
in reasonably good condition, whereas others have decomposed to a 
useless or dangerous state in less than five years. Such wide differences 
in the rate of decomposition of nitrate film cannot always be fully ex¬ 
plained, although many of the factors affecting nitrate film life are 
known, e.g., 

1. The inherent stability and purity of the cellulose nitrate as manufactured. 

2. The storage temperature. The rate of decomposition of nitrate film ap¬ 
proximately doubles every 10 F (or 5 C) increase in temperature. 
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3. The moisture content of the film, as determined by the storage relative 
humidity. Moisture in the film greatly accelerates decomposition, possibly be¬ 
cause water is necessary to convert nitrogen dioxide to nitric acid. 

4. Escape of nitrogen oxide fumes from the film (as discussed above). 

5. Contamination of the film by acidic gases in the air. 

There is a widely held opinion that residual processing chemicals, if 
left in nitrate film, accelerate the decomposition of the base, but this 
has not been documented by any scientific evidence as far as the 
Eastman Kodak Company is aware. # A number of badly decomposed 
nitrate films were analyzed recently for sodium thiosulfate (residual 
hypo from processing) and also for sulfur (in case the sodium thiosul¬ 
fate had itself decomposed with age), but no abnormal amounts were 
found. Any acid remaining in the film after processing would be harm¬ 
ful but this is very unlikely in any commercial processing laboratory. 

The effects of nitrogen dioxide gas produced by the decomposition 
of nitrate film base are more widespread than so far indicated. In addi¬ 
tion to accelerating further decomposition of the base, nitrogen dioxide 
attacks the image of photographic film. The silver image in black-and- 
white film is faded or bleached until it disappears and the dye images 
in color film are affected so that severe discoloration is produced fol¬ 
lowed by complete bleaching. This fading of the image is often the 
first sign of nitrate film decomposition. Nitrogen dioxide from nitrate 
base also attacks the gelatin in the emulsion layer, breaking it down 
chemically until it becomes either very brittle, or sticky and readily 
soluble in water. 

The following five stages of decomposition of nitrate film have been 
described by Cummings et al (14) and are useful in classifying films 
upon inspection. 

First Stage—Amber discoloration with fading of the picture image. (Sometimes 

this discoloration shows as scattered spots rather than uniformly over the 
film.) 

Second Stage—The emulsion becomes adhesive and the film convolutions tend 

to stick together. 

Third Stage—Rolls have annular portions which are soft, contain gas bubbles, 

and emit a noxious odor easily recognizable. 

Fourth Stage—The entire film is soft, its convolutions welded into a single mass 

and frequently its surface is covered with a viscous froth. A strong noxious 
odor is evident. 

Fifth Stage—The film mass degenerates partially or entirely into a brownish acrid 

powder. 

These different stages of nitrate film decomposition are illustrated 
in Figure 8. Film in the second and later stages of decomposition is 
often extremely brittle. It may be possible to copy film in the first two 

* Excessive residual processing chemicals do cause fading and staining of the photographic 
image (see page 44). 
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Figure 8 


Top: Nitrate film in which the image has disappeared and in which the emulsion 
has become sticky along the edges as a result of decomposition. 

Center: Nitrate film in which the image has disappeared and in which the emul¬ 
sion has become sticky near the center of the roll as a result of decomposition. 

Lower left: Nitrate film with a 
severe decomposition. 


hard 


froth’’ on the side of the roll as a result of 


Lower right: Nitrate film, part of which has decomposed to the stage that only 
fine brown powder remains. 
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stages of decomposition, but only portions of film in the third stage 
are reproducible. Film in the fourth and fifth stages is useless and 
should be destroyed at once. 

It should not be construed from the foregoing that all nitrate films 
are on the verge of visible decomposition. If properly cared for, the 
vast majority should last for many years. At the same time, more and 
more nitrate films are being discovered in a useless and dangerous con¬ 
dition in storage vaults throughout the country. The detection of un¬ 
stable nitrate film before decomposition is visible is discussed in a later 
section. 

STABILITY OF ACETATE FILM 

The long history of instability with nitrate film naturally raises ques¬ 
tions concerning the stability of acetate film. Both types of base are 
made from cellulose, but when chemically converted to cellulose ace¬ 
tate (or triacetate, acetate propionate or acetate butyrate) instead of 
cellulose nitrate, a high degree of stability is obtained. Since some mo¬ 
tion-picture films have historical or archival value it is important to 
correctly assess the probable permanence of both the acetate support 
and the image layer. 

Evidence on the stability and permanence of acetate film base from 
natural aging is obviously limited. Although cellulose acetate was first 
prepared in the laboratory in 1865, its manufacture did not become 
commercially practicable until 1908. Limited quantities of 35mm mo¬ 
tion-picture film on cellulose acetate base were first supplied to the trade 
by the Eastman Kodak Company between 1912 and 1920. (66) There¬ 
fore, the oldest acetate films are now only about 40 years old. Some of 
the early acetate films became rather brittle but many improvements in 
manufacture have been made since that time. 

Since a natural aging test of 100 years or more is not practical, we 
are forced to rely almost entirely on accelerated aging tests as a measure 
of permanence. This is logical to the chemist because the degradation 
of cellulose or cellulose compounds is a chemical reaction and the speed 
of a chemical reaction is generally increased by an increase in tempera¬ 
ture. There is also considerable background in the paper industry to 
justify this procedure, particularly since paper is made of cellulose. It is 
well known that high quality rag papers have lasted for many centuries, 
whereas low quality chemical pulps deteriorate in a relatively few 
years. About 1930, the National Bureau of Standards conducted a con¬ 
siderable amount of research on the stability of paper and found that 
an accelerated aging test of 72 hours at 100 C followed by a measure¬ 
ment of folding endurance correctly classified papers according to their 
known permanence in natural aging (61). 

About this time, the introduction of cellulose acetate base photo- 
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graphic film for microfilm and other permanent record uses led the 
Bureau of Standards to conduct an intensive investigation into the 
stability of cellulose acetate film. The same accelerated aging test of 72 
hours at 100 C used for paper was found to be equally satisfactory as a 
measure of the stability or permanence of safety photographic film. Hill 
and Webber (6,7) found that the retention of folding endurance of 
cellulose acetate photographic film after 72 hours at 100 C exceeded 
80%, which is comparable to the best grade of bond paper. Further¬ 
more, on continued aging at 100 C for periods up to 30 days, the fold¬ 
ing endurance of the acetate film decreased only a few percent and even 
after 150 days at 100 C the acetate film retained over 50% of its fold¬ 
ing endurance. Nitrate film, on the other hand, decreased in folding 
endurance to about 5% after 10 days at 100 C. 

Hill and Webber concluded from their investigation at the Bureau 
of Standards that, "On the basis of the test data, the cellulose acetate 
type of safety film appears to be a very stable substance. . . . While it is 
not possible to predict the life of acetate film from these results, the 
data show that the chemical stability of the film with respect to oven¬ 
aging is greater than that of papers of maximum purity for permanent 
records.” This research led to the development of the American Stand¬ 
ard Specifications for Films for Permanent Records, Z 38. 3.2-1945, 

which contains a number of requirements to ensure that only acceptable 
film is used for this purpose (48). This standard is now under revision 
by a committee of the American Standards Association and a copy of 
the latest proposal is reproduced in Appendix B. 

All Eastman safety motion-picture film supports meet the require¬ 
ments of the American Standard for permanent record films. 

The fact that the improved Eastman triacetate support is also stable to 
heating at 100 C was reported by Fordyce (3). Figure 9 shows the flexi¬ 
bility retention at 100 C of processed Eastman Motion Picture Negative 
Film on triacetate support compared with nitrate support. The high 
stability of the triacetate film, even after four weeks at 100 C, is ap- 
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parent. Other tests have been made on this support for as long as six 
weeks at 125 C with only slight loss in flexibility. It can be concluded 
that this type of safety support is, chemically, a very stable material and 
entirely different from the nitrate support used for so many years in the 
motion-picture industry. 

A word of caution must be inserted here. Chemical stability is a rela¬ 
tive, not an absolute term. Cellulose ester safety film supports, although 
a great deal more stable than nitrate support, cannot be compared with 
glass or stainless steel, for example, in chemical stability. Acetate film 
base is not indestructible. It can be burned, of course. It can be distorted 
by heat at about 250 F or above. It can also be affected adversely if 
stored for many years in the humid tropics without protection from the 
atmosphere. 

Acetate film base can be attacked by acids, alkalis, and oxidizing 
chemicals, if subjected to high concentrations or for sufficient lengths 
of time. Acid fumes such as hydrogen sulfide and sulfur dioxide, some¬ 
times present in the air in coal-burning or industrial regions, may slow¬ 
ly attack acetate film support, much in the same way as they degrade 
paper (60). This is not believed to be an important factor insofar as 
film support is concerned, except in the case of archival storage. Fumes 
from decomposing nitrate film also attack safety support (see page 21). 

PERMANENCE OF THE PHOTOGRAPHIC IMAGE 

The permanence of photographic film depends on the permanence of 
the emulsion binder (usually gelatin) and the image-forming material 
(silver in black-and-white film; dyes in color film) as well as the film 
support. 

1. Gelatin. Gelatin is a very stable material as long as it is kept dry. 
It is a purified animal protein, chemically similar to glue used in fur¬ 
niture making for hundreds of years, except that it has a higher molecu¬ 
lar weight which gives it better strength and flexibility. It is reason¬ 
ably certain therefore, that photographic gelatin will last as long as 
acetate film support if kept under the proper conditions. However, 
gelatin, even when chemically hardened, is appreciably more suscepti¬ 
ble to moisture and tends to become sticky at high relative humidities. 
It will resist dry heat even at 100 C for a period of weeks (Figure 9), 
but heat combined with a high concentration of moisture gradually 
degrades gelatin until it becomes soluble. 

Gelatin is attacked and degraded by strong acids. Like paper and ace¬ 
tate film support it may be slowly affected by acidic gases sometimes 
present in the air. It is also subject to damage by fungus growth under 
moist conditions (page 22) and by nitrogen dioxide from decomposing 
nitrate film (page 21). Gelatin is a very stable material if properly 
cared for, but it must be protected from strong chemicals and excessive 
moisture. 
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2. Silver Images. A black-and-white silver image is one of the 
most permanent types of photographic image if properly prepared, and 
is required by the American Standard for permanent record film (48) 
(see also Appendix B). However, such films must be thoroughly fixed 
and washed to remove essentially all residual processing chemicals for 
maximum image permanence. Otherwise the image may gradually 
turn yellow-brown in color and fade under certain temperature and 
humidity conditions, because of chemical reaction between the silver 
and various thiosulfates present in the processing baths (27). 

Silver images can also become stained yellow-brown and faded by 
the action of hydrogen sulfide and, to a lesser extent, sulfur dioxide 
sometimes present in the air. 

3. Dye Images. The dyes used in Eastman Color Films and Koda- 
chrome Films are the most stable dyes that can be found consistent 
with the photographic requirements of the film. Nevertheless, all or¬ 
ganic dyes, whether used in color film, paper or textiles, do gradually 
fade to some extent under adverse conditions. For this reason the 
American Standard for permanent record films specifically excludes 
the use of dye images for this purpose (48) (see also Appendix B). 

The factors which affect the permanence of dyes are heat, moisture, 
light, and chemical attack. A combination of elevated temperature and 
high relative humidity is particularly harmful. One of the three dyes in 
color films usually fades more rapidly than the others and this impairs 
the color balance before overall fading is severe. Light is not nearly as 
serious a factor with color motion-picture films as with color still films, 
because projection times are so short and the film is normally stored 
away from the light. Gases such as hydrogen sulfide and sulfur dioxide, 
if present in the air, may also slowly attack and fade the dyes in color 
film. 

■ The stability of dye images at the present stage of the art is thus con¬ 
sidered quite satisfactory for normal commercial practice and, possibly, 
for a period of many years under favorable storage conditions. At the 
same time, dye images are definitely less stable than silver images and 
should not be used for archival records for maximum permanence (see 

page 57). 

EFFECT OF UNSTABLE NITRATE FILM ON ACETATE FILM 

During the transition period from nitrate to acetate film it has fre¬ 
quently happened that both types of film have been stored in the same 
container. Sometimes nitrate and acetate cuttings have even been 
spliced into the same roll, especially in the case of negatives where the 
camera footage might be on one type of base and the special effects 
footage on the other. This is an unfortunate practice and must be 
strongly condemned. In addition to the possibility of spontaneous com- 


20 












?0 fO- 
... •••• 

0X00« A 


mo< wiK » 

I>\Sdf 


apa* 


m. 

V m • 

r 03 

i • • 



P 

•• • 



Figure 10. Samples of triacetate black-and-white print films ( ‘license seals”) 


from film exchanges: A, 1949; 



1950; 



1951 found in cans with unstable 


nitrate film; D, a comparison sample not stored with nitrate film. (From Carroll 
and Calhoun. 57 ) 


bustion, there is a greater chance that the nitrate film may damage the 
safety film by chemical attack. Several instances of this have been en¬ 
countered in various laboratories and film exchanges (Figure 10) (57). 

It has already been pointed out that unstable or decomposing nitrate 
film produces nitrogen dioxide gas, which is a powerful oxidizing agent 
and, in the presence of moisture, forms nitric and nitrous acids. Thus 
the nitrogen dioxide or nitric acid attacks not only the nitrate film from 
which it is produced but any other material with which it comes in con¬ 
tact. The effect of nitrogen dioxide on acetate film is three-fold and 
occurs in the following steps. The image first discolors and starts to 
fade, then the gelatin is attacked and degraded, and finally the safety 

support begins to decompose. 

As mentioned earlier, nitrogen dioxide from decomposing nitrate film 
first stains silver images a yellow-brown which is followed by complete 
bleaching. The image is affected the same when it is on acetate base in 
proximity to nitrate film as it is when on nitrate base. Dye images on 
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acetate support are also discolored by nitrogen dioxide, frequently turn¬ 
ing to green or purple followed by complete bleaching. The gelatin in 
the emulsion layer on acetate support is gradually decomposed by nitro¬ 
gen dioxide, first becoming sticky and then water soluble. If the attack 
is prolonged or severe, the acetate support itself is degraded, gradually 
becoming soft and sticky and completely useless. 

The effects of decomposing nitrate film on acetate film are likely to 
be localized because some parts of the acetate film roll may be closer to 
the nitrate film than others. Only parts of a number of convolutions of 
the acetate film may be lost. However, it is much better to keep all 
safety films completely segregated from nitrate, particularly negatives 
which may be irreplaceable. 

FUNGUS GROWTH ON FILM 

All photographic films, either acetate or nitrate, color or black-and- 
white, can be damaged by fungus growth (often called mold or 
mildew) (56). When film is stored for any length of time at relative 
humidities above 60%, some fungus is likely to grow on the emulsion 
surface or on the back surface of the film. This is particularly true in the 
humid, tropical countries but is not confined to them. Fungus spores are 
found in the air practically everywhere regardless of temperature and 
humidity. There are a great many varieties of fungi, and like plant 
seeds, the spores germinate and grow when favorable conditions permit. 

Raw motion-picture film stock is adequately protected against fungus 
growth by the can in which it is packed at the factory, because its mois¬ 
ture content is maintained at a safe level for periods of normal raw 
stock storage. As soon as the package is opened, however, and a humid 
atmosphere has access to the film, fungus growth may start. If film is 
left in the camera for some time in an atmosphere having a relative 
humidity above 60%, a fungus will frequently grow on it in the cam¬ 
era. When growth occurs on unprocessed film, it leaves a pattern of the 
fungus filaments which shows up in the processed image. In the case of 
color film, the areas where fungus grew will generally show a change 
in color, whereas in the case of black-and-white film, there will gen¬ 
erally be an area of different density. It is impossible to correct for these 
changes. However, motion-picture film is usually used quickly and 
processed promptly so that the chance of fungus growth occurring on 
the raw stock is extremely slight. 

Fungus growth is more likely to occur on processed motion-picture 
films which are stored for some length of time under humid conditions. 
If discovered in time, some steps can be taken to remove it and to pre¬ 
vent its recurrence (page 40). If the growth has gone too far, however, 
it may have caused permanent damage to the image (Figure 11). This 
is likely to be more serious with color film, because the growth of 
fungus may liberate substances which affect the dyes. With either black- 
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Figure 11 . Processed triace¬ 
tate motion-picture film show¬ 
ing complete destruction (left) 
and moderate damage (right) 
to the emulsion caused by 
fungus growth at high rela¬ 
tive humidity. 



and-white or color films, fungus growth may also etch or distort the 
gelatin of the emulsion, and if severe, will result in a chemical break¬ 
down of the gelatin until it becomes sticky and readily soluble in water. 

The relative humidity below which there is little danger of fungus 
growth has been stated as 60%. This figure is somewhat arbitrary be¬ 
cause there is no sharp dividing line. The higher the relative humidity 
the greater is the chance of fungus attack and the more abundant its 
growth. It may be that fungus growth seldom, if ever, occurs on film at 

65% R.H., but 70% R.H. would certainly be dangerous and for this 
reason it is felt that 60% R.H. is a wise upper limit for film storage and 
allows a little margin of safety. 
























































































































































































































































































































































































































































































































Since the manufacture of nitrate motion-picture film was discontinued 
by the Eastman Kodak Company early in 1951, the following sections 
concerning the storage of raw stock will be confined to acetate film. 
Any nitrate raw stock still being used should be stored in accordance 
with the standards of the National Fire Protection Association (23). 

THE PRINCIPLES OF CORRECT STORAGE 

It is well known that the sensitometric characteristics of photographic 
film gradually deteriorate with age. Loss of speed and contrast and 
growth of fog generally occur. Various physical defects may also result 
from improper storage. Consequently, sensitized films must be consid¬ 
ered perishable just like meat or dairy products and given proper care. 
Poor keeping conditions generally produce a more serious effect on the 
exposed but unprocessed film than upon the unexposed film. For this 
reason, film should always be processed as soon after exposure as 
possible. 

The care required depends on the type of film and the purpose for 
which it is intended. High speed negative films require more favorable 
storage conditions than black-and-white positive films because of their 
greater sensitivity and the fact that loss of speed cannot always be com¬ 
pensated for by increased exposure. Color films, both negative and 
positive, are usually more seriously affected by unsatisfactory storage 
conditions than black-and-white films because one color-sensitive layer 
may deteriorate at a different rate than the others. This can cause a 
change in color balance, as well as an overall change in film speed, 
thereby producing unsatisfactory color rendering. 

Sensitized films must be protected from: 

1. Moisture 

2. Heat 

3. Harmful gases 

4. X-rays and radioactive materials 

5. Physical damage 

STORAGE RELATIVE HUMIDITY 

Since motion-picture film raw stock is packaged in taped cans which 
are essentially water-vapor-tight, it does not require storage in an area 
with carefully controlled humidity as long as the seal remains un¬ 
broken. Excessively high storage relative humidities (70% or over) 
should be avoided because of possible damage to labels and cartons 
from moisture and mold, and to cans from rust. Low humidities are not 
harmful prior to breaking the package seal. 
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In any case where motion-picture raw stock is held after unsealing, it 
should be stored in an area conditioned at 50% to 60% R.H. or else 
resealed immediately. 

STORAGE TEMPERATURE 

The proper storage temperature for motion-picture raw stock depends 
on the particular film and the time for which it is to be stored. The in¬ 
creasing use of color film has emphasized the importance of providing 
proper temperature control for raw stock storage areas. In general, the 
lower the storage temperature the better the emulsion keeps, but tem¬ 
peratures below 50 F are seldom necessary in ordinary commercial op¬ 
erations where storage times are usually a matter of a few months. 
Reduced storage temperatures are most desirable for high speed black- 
and-white negative films and for color films. 

The aging effects which occur with raw color films are much more 
difficult to interpret from sensitometric data because three different 
color layers are involved. However, in Figure 12 an attempt has been 
made to show in a schematic diagram the overall effects of storage tem¬ 
perature on the picture quality of Eastman Color Negative Film. This 
chart is based on a subjective appraisal of picture quality and is only 
illustrative. 

Similar curves could be drawn to illustrate the loss of speed and con¬ 
trast and growth of fog for black-and-white film at various temperatures. 



STORAGE TIME 


Figure 12 . Relative effect of storage temperature on the keeping 
of raw Eastman Color Negative Film. 
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Table II 

Storage Temperature Recommended for Raw 

Motion-Picture Film 

1 Type of Film 

Maximum Storage 1 

Temperature for Periods 1 


up to 6 months, °F 1 

1 Black-and-White Film 


I 1. Negative, reversal and sound films. 

55 

1 2. Positive films. 

65 1 

1 Color Film 


I 1. Eastman Color Films. 

50 

1 2. Kodachrome Film. 

65 


The storage temperatures recommended for Eastman Motion Picture 
Film raw stock are given in Table II. These temperatures are maxi- 
mums which should not be exceeded during the entire storage period, if 
optimum film properties are to be retained. It should be borne in mind 
that sensitometric deterioration of a photographic emulsion is accumu¬ 
lative and that, like food spoilage, deterioration resulting from im¬ 
proper storage at any time during its life can never be eliminated by 
subsequent favorable storage. 

Motion-picture raw stock in ordinary commercial practice is general¬ 
ly used within about six months after delivery. Although film can be 
kept in fresh condition for much longer periods of time at still lower 
temperatures, very long storage is not recommended for commercial 
operations. This is because photographic deterioration may continue 
slowly regardless of temperature and it is better to replenish stocks reg¬ 
ularly. However, there may be some military and scientific situations 
where storage of raw stock for several years is essential. In such cases, a 
storage temperature of approximately zero F is recommended. This will 
not prevent sensitometric deterioration completely but will reduce it 
to a minimum. In fact, storage at zero F is recommended for Eastman 
Color Films if the storage exceeds six months. Where the quantity of 
film to be stored permits, ordinary commercial deep freeze units are 
ideal for this purpose. 

Temperatures below the freezing point of water (32 F) are not harm¬ 
ful to photographic film. This is because the water content of the film 
is relatively small. Ice crystals do not form inside the film at normal 
moisture levels no matter how low the temperature or how rapid the 
cooling (54). However, film packages which are refrigerated must be 
allowed to warm up before opening to prevent moisture condensation, 
as described in the following section. 

MOISTURE CONDENSATION 

Moisture condensation must not be permitted to occur on any sensitized 
photographic film or damage may result. Moisture condenses on an ob- 
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ject if its temperature is below the dew-point of the surrounding air. In 
summer, the dew-point may reach 75 F in temperate climates and 
90 F in tropical climates, so that materials stored at 50 to 60 F dry bulb 
temperature may have moisture condense on them when removed to 
the outside air. Under these conditions, condensation occurs readily on 
glass, metal, film base, or other relatively non-porous materials, but it 
is generally not visible on unglazed paper, corrugated cartons, card¬ 
board boxes, etc. This is because the paper absorbs the moisture as 
rapidly as it condenses and water droplets do not have time to form. 

It should be emphasized here that any moisture condensation which 
may occur inside a taped can of film when it is refrigerated is harmless 
(54). This is because there is so little air inside the can that the water 
vapor contained in the air is infinitesimal. The only possibility of dam¬ 
age from moisture condensation is after the can is removed from the 
refrigerator and opened and therefore exposed to large volumes of 
moisture-laden air. 

Fortunately, moisture condensation on film taken from cold rooms 
or refrigerators can easily be prevented by allowing the package or can 
to warm up above the dew-point temperature of the ambient (outside) 
air before it is opened. This requires time, the amount depending on the 
thickness of the package, how well it is insulated, the temperature dif¬ 
ference, and the dew-point of the outside air. Table III may be used as 

a guide. 


Table III 

Approximate Warm-Up Time for Film Packages to Avoid Moisture 

Condensation after Removal From Cold Storage 


Outside temperature 

minus refrigerator temperature 

25 F 

100 F 

Outside relative humidity 

70% 90% 

i 70%_90% | 


Single 16mm roll 

Single 35mm roll 
(or double 16mm) 

Carton of ten 
35 mm rolls 


Warm-Up Time, Hours 


This table is for individual packages separated from each other. 
Much longer times are required for warm-up if packages are stacked, as 
indicated by the difference between a single 35mm roll and a carton 
containing ten 35mm rolls. The length of film on the roll is not im¬ 
portant, only the thickness of the package. Shorter warm-up times are 

adequate for lower ambient relative humidities. 

Under field conditions, where the warm-up time must be cut to a 
minimum, the ambient dry bulb temperature and dew-point should be 
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TEMPERATURE RISE, 


determined,* All packages must be separated from each other after re¬ 
moval from the refrigerator. Cartons containing more than one can 
should be opened and the cans removed if time is at a premium. From 
the closest appropriate curve in Figure 13, read the time required to 
warm up above the dew-point, allowing at least an additional 2 degrees 
F as a safety factor. This is illustrated in the following examples. 

Example 1. 

Film package: single 35mm roll 
Refrigerator temperature: 50 F 
Ambient temperature: 75 F. 

Difference between refrigerator and ambient temp: 25 F 
Ambient relative humidity: 65% 

Ambient dew-point (from tables): 63 F 
Film temperature desired: 63 + 2 = 65 F 
Film temperature rise desired: 65-50 = 15 F 
From 25 curve (Figure 13B) for a 15 degree rise, read, 
time = 75 minutes 

Example 2. 

Film package: single 35mm roll 

Refrigerator temperature: 30 F 
Ambient temperature: 100 F 

Difference between refrigerator and ambient temp: 70 F 
(use 7 5 F curve) 

Ambient relative humidity: 70% 

"'The dew-point may be obtained from standard psychrometric tables or charts after measur¬ 
ing the dry bulb and wet bulb temperatures with a sling psychrometer or the equivalent. 


B. SINGLE 35MM OR C. CARTON OF I0-35MM 



TIME, MIN. TIME, MIN. TIME, HOURS 


Figure 13. Rate of warm-up of film packages when removed from a refrigerator. 

Curves are for 25 , 50 , 75 and 1 00 F difference between refrigerator and ambient 

temperature. In the case of single rolls, the warm-up time is independent of the 
roll length. 
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Ambient dew-point (from tables): 88 F 
Film temperature desired: 88 -f- 2 = 90 F 
Film temperature rise desired: 90-30 = 60 F 
From 75 curve (Figure 13B) for a 60 degree rise read, 
time = 140 minutes 

PROTECTION AGAINST HARMFUL GASES AND RAYS 

Certain gases such as formaldehyde, hydrogen sulfide, sulfur dioxide, 
ammonia, illuminating gas, exhaust from motors, and vapors of sol¬ 
vents, cleaners, turpentine, and mercury can damage photographic 
emulsions. The cans in which motion-picture film is packaged provide 
protection against some gases but others may slowly penetrate the ad¬ 
hesive tape seal. It is safest to keep film away from any such contamina¬ 
tion. 

Once the film package is opened there is greatly increased danger 
from chemical contaminants, not only those mentioned above, but also 
many cosmetics, medicinal preparations, blood, dandruff, skin particles, 
some types of silicones used in treating fabrics for men’s suits and 
raincoats, etc. 

/ In hospitals, industrial plants, and laboratories, all films must be pro¬ 
tected from X-rays, radium and other radioactive materials. For ex¬ 
ample, film stored 25 feet away from 100 milligrams of radium must 
^.be protected by 3 Vl inches of lead around the radium. 

DESIGN AND OPERATION OF STORAGE ROOMS 

Storage rooms for motion-picture raw stock should be designed so that 
accidental flooding from storms, water pipes, or sewers cannot damage 
the product. All film should be raised at least 6 inches off the floor for 

storage. 

Rooms which are artificially cooled should be constructed and in¬ 
sulated so that moisture does not condense on the walls. Explosion 
vents and automatic sprinklers are not necessary in fireproof buildings 
where only safety film is stored, and need not be installed unless au¬ 
thorities require them for some reason. If the building itself is not fire¬ 
proof, sprinklers should be installed. As indicated on page 24, relative 
humidity control below about 70% is unimportant as long as the film 
containers remain sealed. The temperature should be maintained as 
uniform as possible throughout the storage room by means of adequate 
air circulation, so that the sensitometric properties from roll to roll of 
film will remain the same. Temperature cycling of 5 F below the rec¬ 
ommended limit is not harmful. 

Film should not be stored near heating pipes, or in the line of sun¬ 
light coming through a window, regardless of whether the room is 

cooled or not. 
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CARE OF FILM IN THE FIELD BEFORE AND AFTER EXPOSURE 


In studios and laboratories it is assumed that adequate facilities are us¬ 
ually available for storing film at the required conditions before expo¬ 
sure. The film can usually be developed soon after it is exposed and this 
should always be done where possible. Exposed film, particularly color 
film, often deteriorates more rapidly than unexposed film. In cases 
where the film cannot be processed soon after exposure it should be 
protected from humid air and kept as cold as possible until it can be 
processed. 

In shooting on location or anywhere away from normal laboratory 
facilities, special problems may arise in caring for film. Even in the 
United States there are hot desert regions and humid semi-tropical 
areas, while still more severe climatic conditions exist in many places 
abroad. Delays in processing are sometimes unavoidable. In such cases, 
the guiding priniciples in caring for film should be, (1) to protect the 
film from humid air, (2) to keep the film as cool as possible both before 
and after exposure, and (3) to arrange for processing at the earliest 
possible moment. Photography in the arctic (40) and in the tropics 
(41) requires special considerations. 

1 • Protection Against Moisture. In very humid weather (much 
over 60% R.H.) film must be protected against moisture once the in¬ 
dividual package is unsealed, unless it can be exposed and processed 
promptly. It has been customary to recommend that amateur 16mm 
film which has been in a camera in a humid atmosphere for more than 
a day or two be dried by means of desiccants before resealing in its 
original container. This recommendation is based on the common 
amateur practice of leaving film in the camera for extended periods of 
time. In professional motion-picture work, even 16mm, this does not 
normally occur. The desiccation of 16mm x 100 ft. rolls of film on 
daylight-loading spools requires approximately two weeks and larger 
rolls much longer, so that this is not a very satisfactory solution to the 
problem, especially for the professional photographer (Appendix D). 

In the case of unprocessed 35 mm or wider films, satisfactory drying 
by means of desiccation is not practical at all because of the slow trans¬ 
fer of moisture widthwise through the roll. Attempts to desiccate 35mm 
film rolls result in differential drying from the edges which causes 

photographic non-uniformity. The following recommendations, there¬ 
fore, are based on the premise that it is easier to avoid excessive mois¬ 
ture take-up when handling motion-picture film at high relative hu¬ 
midities than it is to do an adequate job of removing the excess moisture 
once it has been absorbed. 

Under very humid conditions, the film should be kept in its original 
taped tin can to prevent any absorption of moisture from the atmos- 
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phere, as close to the time it is to be exposed as possible. Magazines 
which may have to be loaded a considerable time in advance of use 
should be held in an air-tight metal box of some kind from the time 
they are loaded until they are needed for camera exposure. 

Immediately after exposure, the films should be returned to their cans 
and retaped to prevent any additional increase in moisture content over 
that picked up during actual exposure. Normally, the moisture content 
of the film roll will not increase greatly during the time it is being ex¬ 
posed unless there are long delays in shooting. In such cases, and cer¬ 
tainly if a roll of film loaded for use in the camera on one day is to be 
held over until the next day, the magazine should be removed and 
placed in a dry vapor-tight container which will prevent any absorption 
of moisture by the film during this holding period. 

2. Protection Against Heat. Some of the 35mm motion-picture 
producers are now using refrigerated trucks for transporting film when 
shooting in warm localities. This is an ideal solution to the storage 
problem in the field, provided the film is removed in advance to pre¬ 
vent moisture condensation (see page 27). Where such facilities are 
unavailable, film should still be kept as cool as possible by proper 
choice of the storage location. 

At an operational base, household refrigerators are very satisfactory 
and should always be used for storing raw stock if available. Otherwise, 
the basement of some building should be selected. (The higher humidi¬ 
ties associated with basements and household refrigerators containing 
foods are not harmful to films in sealed containers.) Warm locations 
such as the top floor of uninsulated buildings, sheds with metal roofs, 

etc. should be avoided. 

During transportation, film should be kept out of the sun and should 
be protected from the heat by packing blankets or other insulating 
materials around it. Film should not be located near the top or sides of 
uninsulated trucks or cars where temperatures can reach 140 F or high¬ 
er in the sun. A few hours under such conditions, either before or after 
exposure, may ruin the quality of the film. Trucks or cars carrying film 
should always be parked in the shade if at all possible. 

After exposure, every effort should be made to have the film, particu¬ 
larly color film, processed at the earliest possible moment. When shoot¬ 
ing in the tropics, air transport to the processing laboratory should be 
used if available. Where the temperatures are severe, it has proven ad¬ 
vantageous to ship exposed color negative film in insulated containers 

with dry ice. 
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AIR-CONDITIONING IN LABORATORIES (52) 

Once the seal on the film can is broken, the film will absorb or give off 
moisture, the amount depending on the relative humidity of the sur¬ 
rounding air, regardless of the temperature, providing it is within prac¬ 
tical limits (Figures 6 and 7). This rapidly affects the physical proper¬ 
ties of the film and under adverse conditions can impair its behavior. As 
mentioned above, motion-picture film is generally in equilibrium with 
air at approximately 50% to 60% R.H. when sealed in cans at the fac¬ 
tory. To minimize physical changes in the film it would be desirable to 
condition laboratories and workrooms at this same relative humidity 
and 70 to 75 F. However, it is sometimes necessary to maintain the 
laboratory relative humidity at 60% to 70%, particularly in printing 
rooms, in order to prevent static markings on the film and the attraction 
of dirt caused by static. Film in unsealed containers should not be stored 
for long periods of time in rooms conditioned at relative humidities as 
high as 70% because of the danger of fungus growth. 

If air-conditioning is not employed in motion-picture laboratories, 
low relative humidities may cause the film to become curly, shrunken, 
or buckled, as well as susceptible to static troubles, whereas very high 
humidities may make the film swollen, tacky, wavy, and more subject 
to photographic deterioration. Any of these effects may result in va¬ 
rious practical difficulties. For example, any appreciable change in the 
dimensions of the film may prevent proper registration in various 
printing processes. The importance of proper temperature and rela¬ 
tive humidity control in motion-picture laboratories cannot be over¬ 
emphasized. 

A supply of clean, conditioned air is also necessary for the drying 
cabinets of motion-picture processing machines. The actual temperature 
and relative humidity of the air used for drying film depends on the 
equipment and method employed, but must be very carefully con¬ 
trolled. Conventional drying is done with air at about 85 F and 40% 
to 60% relative humidity. New rapid drying techniques permit the use 
of air at temperatures up to 210 F without any impairment in film 
properties (29). However, film can be damaged in processing if im¬ 
proper conditions or inadequate control are employed. 

DIRT CONTROL IN AIR-CONDITIONED LABORATORIES 

The raw stock as it comes in the can is quite clean, for it is made with 
extreme care under ideal conditions. Once the film is unpacked, it is in 
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danger of becoming dirty. The sources of dirt are the outside air, which 
generally carries with it dirt in the form of dust and cinders. The per¬ 
sonnel introduce dirt by reason of their activity or their clothing. Equip¬ 
ment can also introduce dirt in the form of metal grindings from 
moving parts, oil from bearings, or corrosion products from unsuitable 
materials of construction. 

Air-conditioning facilitates the elimination of dirt from laboratory air 
to the extent that the duct-work and fans required for filtration are al¬ 
ready present. At the same time air-conditioning increases the necessity 
of eliminating dirt from the air because the more air movement which 
occurs, the greater is the chance of dirt lodging on the film. 

Most dirt can be removed from air, sufficiently well, by means of 
ordinary commercial air filters. However, using the best filters length¬ 
ens the time between cleaning periods. Some types of electrostatic filters 
have proved advantageous in photographic practice. Filters made of 
bundles or mats of soft crepe paper or cotton pads give good results, 
and require less maintenance. No filter is perfectly efficient, and some 
smoke passes through it and agglomerates later. This agglomerated 
smoke deposits on walls or ducts and can be dislodged later by vibration 
or an accidental blow. Showers of such dirt are serious in the photo¬ 
graphic industry. They can be prevented in part by putting viscous 
filters on the ends of long runs of duct-work. 

Filtration of air used in the drying cabinets should be as good as that 
used in the workrooms and preferably should be better, for dirt is 
caught more easily on wet film and removed with great difficulty, if at 
all. Ducts should be made smooth and solid and constructed so they can 
be easily and thoroughly cleaned. 

The daily problem of inspecting work installations and controlling 
dirt caused by personnel is important, but the reader must be referred 
elsewhere for more detailed information (35, 36). 

CARE IN HANDLING FILM 

Raw stock and processed motion-picture film both require careful 
handling if damage is to be avoided. All mechanical film handling 
equipment should be properly designed for the purpose and maintained 
in good operating condition. Operators should wear lintless cotton 
gloves and avoid touching the image area of the film. Keeping the film 
free from dirt and scratches is paramount. In the case of raw stock, this 
is accomplished by proper attention to all details of cleanliness as 
described in the previous section, and making sure that cinching of the 
rolls or contact of the film with sharp edges or rough surfaces does 
not occur. 

Damage to processed films caused by improper care is described in 
another booklet (38) and will be dealt with only briefly here. The causes 

include: 


% 
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1. Holding film improperly with the fingers during inspection on a rewind. 
Bending the edges together, emulsion side out, may cause the film to split down 
the center, especially under low humidity conditions. 

2. Cleaning film by running it through a dry cloth. The accumulation of dirt 
particles on the cloth is likely to result in scratching the film. 

3. Poor winding. If the film is not wound in a smooth roll, the protruding 
edges will be damaged; if the roll is not firm it may collapse. 

4. Bad reels and containers. Reels with sharp edges or bent flanges and cases 
or cans which are bent or rusty may result in film damage. 

5. Abrasion. If film is allowed to rub on a rough surface or if it is cinched by 
pulling the end of a loose roll, abrasion or scratching will occur. 

6. Poor splicing. Stiff, buckled, or weak splices frequently cause film breaks 
and damage to adjacent footage. 

7. Deformation caused by heat or too high or too low a relative humidity. 

Methods for correcting these difficulties are described in the booklet 

referred to above and further information on cleaning processed film 
is given on page 38. 

LACQUER COATINGS 

Abrasion and scratching are among the most frequent causes of film 
damage. Continual handling, accidental cinching and repeated passages 
through printers or projectors produce both fine surface scratches and 
sometimes deeper, penetrating scratches. In addition to careful equip¬ 
ment maintenance to make sure that no rough surfaces will contact the 
film, the use of lacquer coatings is highly recommended for physical 
protection of negatives and other camera originals (33). Under some 
conditions, lacquering is economically justified for prints. In some cases, 
the lacquer itself is less susceptible to abrasion and scratching, but one 
of the most important features of film lacquer is that it can be removed 
once it becomes scratched, and new lacquer applied (Figure 14). The 
film can thus be completely rejuvenated provided that scratches have 
not penetrated the lacquer. Scratches in film which has not been lac¬ 
quered and excessively deep scratches in lacquered film can be mini¬ 
mized by relacquering, and if the image has not been damaged, substan¬ 
tial improvement usually results. Lacquer is also useful in protecting 
film from damage caused by fungus growth. 

Protection of film from scratches has become more necessary in 
recent years for several reasons. The new large-screen processes make 
scratches on the film appear larger and more objectionable. Some of 
the new optical printing processes important in making such prints, 
employ specular illumination which prints scratches from the nega¬ 
tive to a much higher degree of visibility in the print film, than is the 
case with contact printing methods. Some of the new color emulsions 
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Figure 14. Film sample lacquered on 
the emulsion side with Eastman Motion 
Picture Film Lacquer. The lacquered 
side was deliberately scratched and 
then the lacquer was removed from 
one end to illustrate how the film can 
be repaired. 


ers. 



are softer and more easily scratched 
than the older black-and-white 
emulsions. Color negatives and 
prints are also more costly to re¬ 
place than in the case of black-and- 
white films. For all of these rea¬ 
sons, some type of lacquer protec¬ 
tion is highly desirable and in some 
cases, virtually a necessity. It is par¬ 
ticularly important for original 
negatives which may be abraded 
by repeated passage through print- 

is also desirable to protect 
prints by lacquering, particularly 
for the specialty subjects on which 
few prints are made or for valuable 
prints, so that more first-quality 
projections may be obtained before 
the film becomes abraded. 

Eastman Motion Picture Film 
Lacquer is available and may be 
applied either by stationary wick, 
roller wick, or bead techniques. 
With bead application, the lacquer 
can be applied in the picture area 
between the perforations which is 
preferable for negatives and mas¬ 
ters, because lacquer around the 
edges of the perforations increases 
the dirt hazard and might impair 
the precision of film positioning in 
the printing operation. Eastman 


Motion Picture Film Lacquer may 
be applied to both the support and emulsion sides of the film. The lac¬ 
quer makes it possible to clean off fungus growth in the early stages 
without damage to the film. The lacquer also contains a small amount 
of a fungicide which retards fungus attack, although it would not pre¬ 
vent attack completely under severe conditions. 


% 
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Eastman Motion Picture Film Lacquer also contains a small amount 
of wax. This makes a separate wax application unnecessary for 16mm 
film lacquered over-all. For 35mm prints, additional edge-waxing is 
desirable whether the lacquer is applied over-all or only between the 
perforations, because of the higher trap or gate friction found in some 

projectors. 

It is recommended that the lacquer coating be applied to the freshly 
processed film before it can become dirty or abraded. This is best done 
by installing the applicator unit in the drying cabinet of the processing 
machine. Film which is not freshly processed must be thoroughly 
cleaned before it is lacquered or any foreign material on the film sur¬ 
face will be covered over by the lacquer. If the freshly processed film 
shows any processing scum or dirt, it should also be cleaned before 

lacquering. 

Eastman Motion Picture Film Lacquer can be completely removed 
from the base and emulsion at any time, without damage to any film 
that will tolerate normal processing. Removal is accomplished by pass¬ 
ing the lacquered film through a 1% sodium carbonate solution for 
two minutes at 60 F or lower, followed by a clear, cold water rinse. 
Any regular black-and-white release positive developer, such as Kodak 
Developer D-16, may also be used to remove lacquer, provided that it 
is followed by a water rinse at not over 70 F. Some lacquers can be 
removed with solvents which are relatively inactive to the film, but 
this is recommended only in special cases because of the possibility of 

damage. 

The application and removal of lacquer is safe for color films in 
which the color is formed "in situ” by color couplers such as in Koda- 
chrome Film and Eastman Color Films. However, in the case of 
Eastman Color Negative and Internegative Films, when lacquer is re¬ 
moved by an alkaline solution, the film should be retreated in the 
recommended Kodak S-3 Stabilizing Bath for proper stabilization be¬ 
fore the film is relacquered and returned to extended storage. For some 
other color processes in which the image is formed by imbibition or 
toning, the lacquer can be applied normally but the alkaline treatment 
for lacquer removal may adversely affect the image. 

Further details on methods of lacquer application and precautions in 
lacquer removal can be obtained from the Motion Picture Film De¬ 
partment, Eastman Kodak Company, Rochester 4, New York. 

LUBRICATION 

Release prints should always be lubricated before projection to prevent 
sticking and premature perforation breakdown during initial runs 
through the projector (34, 37). The gelatin emulsion of a freshly proc¬ 
essed print tends to be a little soft and tacky until after it has been 
projected a few times. Any tendency to stick in the projector trap or 
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gate increases the tension on the film and the likelihood of perforation 
damage. Small particles of gelatin may also adhere to the metal sur¬ 
faces in the trap or gate and gradually build up a hard rough deposit 
which scratches the film. This can be readily prevented by proper film 
lubrication. 

Lubrication of 35mm print film is best accomplished by use of an 
applicator which deposits a thin layer of lubricant in the perforation 

area. For such edge-waxing, paraffin dissolved in inhibited methyl 
chloroform* is as 

possible to apply the lubricant over the entire emulsion surface, this 
is not desirable for 35mm print film because the amount of wax is 
limited by the necessity for avoiding mottle that will show on the 


good a lubricant as can be obtained. Although 


screen. 


Paraffin wax is particularly difficult to apply in the picture area in 
sufficient quantity without mottle. In the case of 16mm film, however, 
over-all waxing is generally preferred (Figure 15). In the case of 


35 mm negatives 
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all waxing offers some protection from mild 

abrasion. There are several lubri¬ 
cants which are more suited than 
paraffin for this purpose, among 
which may be mentioned, Carnau- 
ba, Beeswax, and Hercules B-16. 

solution should be made up at 
a concentration of about 0.1 gram 
per 100 cc of solvent (a lump of 
wax, about the size of a marble. 



dissolved in 4 ounces of solvent). 
Inhibited methyl chloroform, Fre¬ 
on-113 or Kodak Film Cleaner 

are recommended as solvents in 
preference to carbon tetrachloride 
because of lower toxicity.* Effi¬ 
ciency of these over-all waxes is 
increased if both the emulsion and 
base surfaces are waxed; under 
such conditions, the over-all waxes 
are equal to or better than the 
standard paraffin edge-waxing. 

Wax should be applied over lac¬ 
quer coating if the lacquer does not 


Figure 15. Over-all wax applicator 
roller at end of drying cabinet of 1 6mm 
processing machine. Lubricant is sup¬ 
plied from reservoir above applicator. 


" See pages 39-40 for description of solvents and precautions in using. 
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contain a lubricant (see page 36). Films which have been cleaned with 
solvents may need to be relubricated before projection since solvents 
tend to remove any lubricant that is present. This consideration is more 
important in the case of 16mm films where over-all lubrication has been 
employed. 




* 

/ 


CLEANING 

When negatives or prints become dirty or badly oiled they should be 
properly cleaned before being placed in storage or in use (39). As 
mentioned previously, film should not be cleaned by passing it through 
a dry cloth because of the danger of scratching by dirt particles accu¬ 
mulated in the cloth. Cleaning can best be done by a motion-picture 
film laboratory, where suitable cleaning machines are available and 
proper techniques and precautions can be observed. 

When prints must be cleaned by hand, the work may be done by 
rewinding the film slowly through a lint-free rayon plush or soft cot¬ 
ton cloth pad which has been moistened with film cleaning fluid. The 
pad can be folded over the film and held in the left hand while the 
right hand is used to operate the rewind (Figure 16). The operation 
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Figure 16. Cleaning motion-picture film by hand using white canton flannel mois¬ 
tened with inhibited methyl chloroform. “A” is a safety solvent dispenser and ‘ 
is an exhaust hood for removing any solvent fumes. 
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should be carried out slowly so that the cleaning liquid can evaporate 
from the film before it is wound into the roll. The pad surface must 
be changed frequently since a dirty pad will redeposit oil and dirt and 
may abrade the film. Where large quantities of film are to be cleaned 
by machine, it is desirable to arrange to feed a length of cleaning pad 
slowly through the device so that as it becomes dirty, a clean area 
is automatically provided. 

The cloth used for cleaning must be selected carefully. Best of all 
is a clean, short-nap rayon plush or velvet. Next best is a soft cotton 
canton flannel, knit fabric, or plush. Cotton batiste and nainsook are 
also used, although they do not absorb dirt as well or hold it away 
from the film. Baled rags should not be used as these usually contain 
many harsh cloths that will scratch and abrade the film and may also 
contain a great deal of lint. It is false economy not to use new cloths 
specially selected for the job. 

There are a variety of organic solvents or fluids which might be used 
for cleaning film. The requirements of a good film cleaner are rather 
exacting, however, and relatively few materials are fully satisfactory. 
These requirements include not only cleaning ability, but such factors 
as freedom from toxicity and flammability, a suitable evaporation rate, 
effect on film base and equipment, cost, etc. Several solvents which 
have been used for cleaning motion picture film are compared in Table 
IV and described below. More detailed information is given in the 


Table IV 

Comparison of Several Cleaning Solvents for Motion-Picture Film 

1 Solvent 

Toxicity 

Flammability 

Effect on 
Film Base 

Effect on 
Equipment 

Remarks 1 

1 Carbon tetrachloride 

\ High 

None 

None 

None 

Not recommended. 1 

1 N-Heptane 

Slight 

1 High 

None 

None 

Not recommended. 1 

I Freon-113 

Slight 

None 

None 

None 

Satisfactory but 1 
expensive. 1 

1 Mixture of N-Heotane 

I and Freon-113 (1:1) 

| Slight 

Moderate 

None 

None 

Recommended. 1 

I Inhibited Methyl j 

1 Chloroform 

Moderate 

None 

Affects some 
types on 
prolonged 
immersion. 
(See text.) 

Attacks 
aluminum 
and zinc 
if not 
inhibited. 

Recommended. 1 

1 Kodak Film Cleaner j 

Slight 

Moderate 

None 

None 

Recommended. 1 


literature (39)- Limited work using solutions of detergents indicates that 
this method may find more extensive application (42). 

Carbon tetrachloride — Not recommended. 

Carbon tetrachloride has been used a great deal in the past for cleaning motion- 
picture film, but is not recommended because of its great toxicity. Carbon tetra- 
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chloride fumes are poisonous; headache and nausea are a first warning, and con¬ 
tinuous exposure may be fatal. Evaporation of only two teaspoonfuls of carbon 
tetrachloride into a small unventilated film inspection room is enough to raise 
the concentration of fumes beyond the safe level. Carbon tetrachloride is dan¬ 
gerous whenever the odor becomes strong enough to be obvious. If it is used for 
cleaning film, the ventilation must be good enough so that a person just entering 
the room where carbon tetrachloride is being used can barely smell the fumes. If 
the fumes become stronger, all windows should be opened, the cleaning stopped, 
and the room emptied until it has been thoroughly ventilated. 

N-Heptane and Freon-1 1 3. A Mixture (1:1) is Recommended. 

N-Heptane alone is highly flammable and should not be used, but by diluting it 
with equal parts of Freon-11 3, a mixture is obtained which is considered safe to 
use. Its flammability is only moderate and its toxicity is slight. Freon-113 alone 
is nonflammable and perfectly satisfactory for cleaning film but is rather 
expensive. 

inhibited Methyl Chloroform — Recommended. 

Methyl chloroform is much less toxic than carbon tetrachloride but is still "mod¬ 
erately” toxic and should be used with care. Fumes of methyl chloroform should 
not be breathed for any length of time. It should not be used without adequate 
venting or ventilation (Figure 16). 

Methyl chloroform has no harmful effect on either black-and-white or color 
films when used as recommended for cleaning. However, contact of film with 
methyl chloroform for 15 minutes or more may cause an increase in curl, par¬ 
ticularly with acetate propionate or acetate butyrate base. It is therefore impor¬ 
tant that the solvent evaporate completely before the film is wound up. This 
usually requires only a second or two. Methyl chloroform should not be spilled 
on Tenite plastic cores because of its softening action. 

Methyl chloroform without inhibitor attacks aluminum, zinc and their alloys 
with rather a vigorous chemical reaction. It is, therefore, necessary to use only 
inhibited methyl chloroform for cleaning film, in case aluminum parts may be 
used in the equipment. Most commercial methyl chloroform customarily con¬ 
tains an inhibitor, but this should be definitely ascertained before using. Both 
Eastman Kodak methyl chloroform used in film cleaners and lubricants and Dow 
Chemical Company "Chlorothene” grade of methyl chloroform contain inhibi¬ 
tors which have been tested for inactivity toward film. 

A word of caution is necessary in regard to cleaning lacquered film. 
Cleaning solvents may dissolve certain lacquers used on film and may 
result in streaking from incomplete removal of lacquer. Unless the 
lacquer properties are known, it is best to try the cleaning solvent on 
an end of the film first. 

REMOVAL OF FUNGUS GROWTH 

Water or water solutions should not be used for the removal of fungus 
growth from color or black-and-white films because, in the great ma¬ 
jority of cases, fungus growth on the emulsion side causes a solubilizing 

of the gelatin. The use of water or water solutions will lead to dis¬ 
integration of the image. 
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The film should be cleaned by wiping it with soft plush, cotton, or 
chamois skin moistened with an approved film cleaning liquid, as de¬ 
scribed in the previous section. Such a treatment will remove most of 
the surface growth. The idea is to rub off fungus growth, dirt, grease, 
etc., with a buffer wetted with any of the suggested fluids. The use of 
a fluid is suggested as a means of carrying off the dirt, washing out any 
debris that may be held in indentations, etc., and acting as a sort of 
lubricant to prevent excessive scratching that would result from the 
use of a dry buffer. 

When the gelatin has become etched or distorted by the fungus 
growth, there is no satisfactory method of restoration. If films are lac¬ 
quered, the etching effect caused by fungus will be greatly minimized. 
If the lacquer is damaged it can be removed and fresh lacquer applied 

(page 34). 
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PROTECTION REQUIRED 

Photographic film like ordinary paper records, must be protected 
against fire, water, mold, and chemical or physical damage. In addi¬ 
tion, photographic film must be protected against the extremes of rela¬ 
tive humidity and heat which occur at some seasons or in some locali¬ 
ties. 

High relative humidities accelerate the decomposition of nitrate 
support and the fading of dye images in color film, damage gelatin and 
encourage the growth of mold, as described in other sections of this 
booklet. High relative humidities also accelerate film shrinkage (5). 
For example, the permanent shrinkage of some motion-picture films is 
approximately twice as rapid at 90% R.H. as it is at 60% R.H. High 
relative humidities also cause "ferrotyping” or the formation of glossy 
marks on the emulsion when the film is wound in contact with the 
support. In severe cases, the adjacent layers of film in a roll may stick 
together. 

Low relative humidities result in a temporary increase in film curl 
and a decrease in flexibility but this trend is reversed when the humidi¬ 
ty rises again. However, very low relative humidities should be avoided 
in film storage because the film may crack or break if handled care¬ 
lessly under these conditions. Negatives stored at low relative humidity 
may also produce static marks on the raw stock during printing. 

The storage of motion-picture film rolls at a relative humidity ap¬ 
preciably different from the equilibrium relative humidity of the film 
produces various distortions. If film rolls in equilibrium with air at 

50% R.H. are stored at 20% R.H. for example, the edges lose moisture 

faster than the interior of the roll, which may result in buckled film. If 

film rolls in equilibrium with air at 50% R.H. are stored at 70% R.H., 

on the other hand, the edges of the roll swell, which may cause fluted or 
wavy-edge film (1). 

Low temperatures are not harmful in film storage, and for some pur¬ 
poses are essential, provided that the film is allowed to warm up suf¬ 
ficiently before opening to avoid moisture condensation as described 
on page 27. However, high temperatures can be harmful since heat 
accelerates the decomposition of nitrate support and the fading of dye 

images in color film. Heat also accelerates film shrinkage and may 
produce physical distortions. 

It is for these reasons that the control of the air conditions is so 
important in the storage and preservation of motion-picture film. 

In actual practice, the precautions required for the commercial stor- 
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age of acetate films are relatively few and simple. On the other hand, 
nitrate films and films of archival value require careful arrangements, 
and usually entail some expense to provide optimum conditions. 

CLASSIFICATION OF FILMS FOR STORAGE 

Films must first be classified before they can be assigned to the proper 
storage facilities, because the care and expense which is justified in stor¬ 
age depends on the kind of film, the value of the record, and the time 
for which it is to be stored. A suggested film classification system is out¬ 
lined below: 

Value of the record. 

a. Commercial films— pictures of short-lived interest which can be 
duplicated readily. 

b. Archival films— pictures of great historical value which may be 
irreplaceable and are desired for possibly hundreds of years. 

Type of film support. Type of image material. 

a. Acetate a. Silver (black-and-white film) 

b. Nitrate b. Dye (color film) 

In actual practice, classification according to value is not this simple 
and many sub-classifications might be suggested. In particular, camera 
originals always have much greater value than release prints and should 
receive correspondingly greater care and protection. Within the con¬ 
fines of this booklet, it is not possible to detail the wisest choice of 
storage conditions for every conceivable situation. It is the responsibility 
of the film custodian to decide the value of each film and the care and 
expense which its preservation justifies. If the recommendations given 
here for the preservation of both commercial and archival records are 
studied, it should be possible to arrive at suitable compromises for 
films of intermediate value. However, it is safest to assume that all 
camera originals are of archival value and to treat them accordingly. 

In theory, only safety film carrying a silver image should be used for 
archival records. However, in actual practice many nitrate films and 
color films exist which have great historical value but the expense of 
duplication on black-and-white safety film is high. Consideration must 
be given to the preservation of these types of film even though the 
record material is not ideal. 

Acetate and nitrate films should always be segregated for storage 
because of the chance of damage to the acetate film, either from spon¬ 
taneous ignition of the nitrate film or from chemical attack by the gases 
given off by unstable nitrate film (57). However, black-and-white and 
color films need not be segregated if they are on the same type of base, 
unless some preferred space of limited capacity is used for the latter. 

PROCESSING FOR PERMANENCE 

Processing is one of the most important factors contributing to the ulti- 
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mate permanence of photographic records in general. During the fixa¬ 
tion of photographic materials, the unexposed silver salts in the 
emulsion are converted to complex silver thiosulfate compounds. When 
a fixing bath is overworked, some of these complex salts are retained 
by the photographic film and can eventually break down to produce a 
yellow silver sulfide stain over the whole image area. 

Washing is equally important because thiosulfate salts (hypo) left in 
the processed material can fade the silver image of black-and-white 
films by converting it partially to silver sulfide, especially under condi¬ 
tions of high humidity and temperature (27, 28). Thiosulfate salts al¬ 
lowed to remain in color films can also fade the dye images. It is likely 
that one dye will be affected more than another, causing an undesirable 
change in color. 

Complete fixation should be assured by treating the film at 65-70 
F for a sufficient time in one or more baths maintained at the proper 
condition by replenishment. Specific recommendations for each par¬ 
ticular type of film should be followed. The processing of color films is 
particularly exacting and requires careful control. 

Complete washing requires a rapid flow of water at a temperature 

of 65-75 F. Washing is retarded greatly at lower temperatures. The 

speed of washing can be increased by the use of hypo eliminators, such 
as Kodak Hypo Clearing Agent (31, 32). The washing time should be 
long enough to reduce the hypo to below the levels given in Table V. 


Table V 

Residual Hypo Limits Recommended for Permanence 


Films 


Maximum Hypo 
as Anhydrous Sodium 
Thiosulfate, Mg. per Sq. In. 
Commercial Archival 


Storage 


Storage 


Black-and White Films 


Fine grain duplicating, printing 
and sound recording films. 

Medium grain continuous tone 
camera films. 


0.02 


0.10 


0.005 


0.02 


Color Films 


1. Eastman Color Films 

2. Kodachrome Film 


0.02-0.03 

0.005 


as low as possible 
as low as possible 


Note: Color films are not recommended for archival storage 


For commercial storage under average conditions in temperate cli¬ 
mates, normal processing should be adequate. For maximum perma¬ 
nence of the image, additional washing may be required to attain the 
necessary low level of residual hypo. The hypo content of the film 
should be checked by analysis. The mercuric chloride-potassium bro¬ 
mide test of Crabtree and Ross is recommended (26, 30). 


44 










Commercial Storage of Processed Acetate Film 



PREPARATION FOR STORAGE 

The first step in the proper storage of processed film is adequate fixing 

and washing, as described in the previous section. 

Films to be placed in storage should first be cleaned and repaired. 
Negatives should be mounted on suitable cores and prints on either 
cores or reels. The rolls should then be placed inside clean cans, pref¬ 
erably one roll to a can. (In the case of color separation films, it is 
advantageous to store all three separations in the same can so that all 
will have an indentical storage history.) The cans need not be taped* 
except for special purposes such as exclusion of humid air under ad¬ 
verse storage conditions (page 49). 

STORAGE ROOM 

Commercial motion-picture films on acetate base do not require the 
fireproof, explosion-proof storage vaults which are specified by the 

National Board of Fire Underwriters for nitrate film (23, 24, 25). Any 

suitable room may be used and provided with whatever protection from 
outside fires that the value of the film justifies. Automatic water sprin¬ 
klers are not necessary for acetate films stored in a fireproof building 
but are required in some buildings whether acetate film is stored there 
or not. Local building and fire codes should be followed in this respect. 

If the acetate film storage room is not air-conditioned, it should be 
located on one of the main floors of the building. Basements are gen¬ 
erally too damp and top floors may be too hot in certain seasons. The 
storage room should be located away from southern exposures and 
protected from accidental water damage, whether by rain, flood, water 

pipes, or sewers. 

The film cans should be stored on suitable shelving or in steel cabi¬ 
nets with the lowest shelf at least six inches above the floor. The shelves 
and cabinets should not be located near steam pipes, radiators, hot-air 
ducts and other sources of heat. Large film rolls not in frequent use 
should be stored horizontally rather than on edge, to minimize dis¬ 
tortion. No more than 6 or 8 cans should be stacked on top of each 
other. A typical commercial safety film vault is shown in Figure 17. 

*It has been recommended in the past that acetate films be sealed in cans to retard shrinkage. 
However, Eastman motion-picture negative and original camera films have been made on 
lower-shrink base since June 1954 so that this is no longer necessary (5). 
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STORAGE RELATIVE HUMIDITY 

Air-conditioning with carefully controlled relative humidity is always 

desirable for the storage of motion-picture film for the reasons given on 

page 42. However, it is not essential in the case of commercial storage 

in moderate climates. It is the extremes of relative humidity which are 
detrimental to film. 

In a number of respects, the most satisfactory storage relative hu¬ 
midity for processed film is about 50%, although the range 25% to 
60% is generally satisfactory for commercial storage (Table VI). For 
negatives, originals or masters which may be used for printing from 
time to time, it is advantageous to store them at the same relative hu¬ 
midity as that used in the printing rooms. This will prevent any hu¬ 
midity size change in moving the film from one room to another which, 
if uneven, could affect registration accuracy in some processes. This is 
satisfactory up to 60% R.H. or even 65% R.H. provided that exper¬ 
ience has indicated that no trouble from fungus or moisture defects 
occurs. 

It should be emphasized that high relative humidities are more dan¬ 
gerous than low relative humidities. The former can result in more or 
less complete destruction of the record, whereas the latter will not. 

In regions where the relative humidity of the storage area exceeds 
60% for any appreciable period of time, special precautions are re¬ 
quired. In some cases it may be difficult to select a storage area away 
from basements or other damp locations. (Remember that relative hu¬ 
midity rises as the temperature falls, and that humidity is generally 
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more harmful to film than a moderate amount of heat.) In tropical 
climates more elaborate precautions are necessary (page 48). 

Unless the relative humidity is under 25% for considerable periods 
of time, humidification of the storage area is generally unnecessary. If 
very dry conditions exist and trouble is encountered from curl or brittle¬ 
ness, then controlled humidification should be provided. This can be 
done inexpensively by installing mechanical humidifying units. Such 
units are available from the Walton Laboratories, 1186 Grove Street, 
Irvington 11, New Jersey, and other manufacturers. The humidifier 
should operate in conjunction with a controlling humidistat set at about 
50% relative humidity to prevent over-humidification. 

STORAGE TEMPERATURE 

Commercial films on acetate base do not require very careful control of 
temperature during storage. Approximate room conditions such as 7 5 F 
are recommended (Table VI). Temperatures over 80 F should be 
avoided, if possible, particularly for negatives, because shrinkage and 
distortion are more likely to occur. However, two or three weeks a year 
at 90 to 100 F should not be serious provided that this is not combined 
with relative humidities higher than those recommended. Low storage 
temperatures are not harmful unless this produces a relative humidity 
above 60%. Films stored below the ambient dew-point should be al¬ 
lowed to warm up before opening to prevent moisture condensation 

(page 27). 


Table VI 

Atmospheric Conditions Recommended for Storage 

of Processed Motion-Picture Films 


Film Classification 


Acetate Film 

Black-and-White 

Color 


Nitrate Film 

Black-and-White 

Color 


Commercial Storage 

Temp. F R.H., % 

Archival Storage 

Temp. F R.H., % 

Below 80 

25 - 60 

60 - 80 

40 - 50 

Below 80 

25 - 60 

Below 0 

15-25 

Below 70 

25 - 60 

Below 50 

40 - 50 

Below 70 

25 - 60 

Below 0 

40 - 50 


Note: Some color films and nitrate films may t 
materials are not recommended for permanent 


CHEMICAL CONTAMINATION 

Chemical fumes such as hydrogen sulfide and sulfur dioxide (usually 
present in the air in coal-burning regions) may cause slow deterioration 
of film base and gelatin and gradual fading of the photographic image. 
When it is known that such fumes are present in the intended storage 
space, steps should be taken either to eliminate the fumes (see page 56) 
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or to store the film in an atmosphere free from such gases. 

Nitrogen dioxide fumes from decomposing nitrate film have already 
been mentioned (page 21) as damaging to all three components of ace¬ 
tate film — the developed image, gelatin, and film base. This danger can 
be avoided easily by segregating all nitrate films in a separate storage 
vault. It is especially important not to store nitrate film in the same can 
with acetate film as is sometimes done with short ends or mixed rolls 
spliced together. 

STORAGE IN THE TROPICS 

Film storage in the wet tropics is a serious problem because relative 
humidities over 90% combined with temperatures of 90 F may pre¬ 
vail for a number of months each year. Under such conditions, even 
acetate film must be protected from the humidity if it is to to remain 
useful. In the dry tropics some protection from the heat is desirable. 

The method selected for protection from high humidity will depend 
on the quantity of film to be stored, its value, the funds available, etc. 
The following methods, arranged in order of decreasing cost and con¬ 
venience, may be used: 

1. Automatic Air-Conditioned Storage. Automatic air-condi¬ 
tioning (with effective relative humidity control) is the most desirable 
method but, of course, it is expensive. If it is needed for other purposes 
as well, such as a printing laboratory, a combination frequently can be 
worked out which is more economical. An architect and an air-condi¬ 
tioning engineer are usually required for such an installation. 

2. Use of a Dehumidifier. Where complete air-conditioning can¬ 
not be provided, the next choice is to install an electrical dehumidifying 
unit in a small room. Several inexpensive units of this type are com¬ 
mercially available from the Carrier Corporation, 300 South Geddes 
Street, Syracuse 1, N. Y.; Frigidaire Division, General Motors Corpora¬ 
tion, Dayton, Ohio, and others.* The dehumidifying unit must have the 
proper capacity for the room in which it is to be used. The room should 
be made reasonably air-tight to reduce the entrance of moist air. The 
walls should be vapor-sealed by coating with asphalt paint, aluminum 

paint, or better, paper-laminated aluminum foil. Doors and windows 
should be weather-stripped. A controlling humidistat should be in¬ 
stalled and set so that it will turn off the dehumidifier when the relative 
humidity has been reduced to about 50%. 

‘ Note: Dehumidifying units should not be confused with the window "air-conditioners” 
which have become commercially available in recent years for comfort cooling. Window air- 
conditioners generally do take some moisture out of the air by condensation on the cooling 
coils but they provide no control of relative humidity. If no moisture is removed from the 
air, cooling results in an increase in relative humidity. (This is why basements are usually 
damp.) For these reasons, window air-conditioners are not recommended for film storage 
rooms unless adequate dehumidification can be provided. 
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Such a system will not provide any cooling. If personnel are to work 
in the storage room (for inspection and repair of him, for example), 
adequate ventilation will be necessary. This means that the capacity of 
the dehumidifier must be large enough to dry the additional fresh air 

required. 


3. Conditioning Film and Storing in Sealed Cans. This method 

requires that each roll of film be conditioned to the proper relative hu¬ 
midity prior to storage and then kept in a vapor-tight container. Some 
type of conditioning cabinet is needed which is supplied with air at the 
proper temperature and relative humidity so that when film is passed 
through it at some predetermined speed, it will be wound up at the 
proper moisture content (equivalent to equilibrium at about 50% 
R.H.). The conditioning time may be estimated from Figure 7. A cer¬ 
tain amount of equipment is required to do this, together with some 
laboratory control. Once conditioned, the film must be placed imme¬ 
diately in a suitable can that can be sealed with a good grade of rubber 

base adhesive tape such as surgical tape. 

Aside from the problem of properly conditioning the film, this meth¬ 
od has several other objections. The film must be reconditioned every 
time it is used, before it can be returned to storage. This makes inspec¬ 
tion more difficult. Furthermore, adhesive tapes generally do not last 
very many years and must be replaced before the moisture protection 


is lost. 


4. Desiccation with Silica Gel. Motion-picture film in roll form 
may be dried by means of activated silica gel. This takes one to two 
weeks for 16mm film and two to four weeks for 35mm film, depend¬ 
ing on the type of spool, tightness of winding, amount of moisture to 
be removed, the ratio of silica gel to film, and other factors. Details on 
desiccation procedures for film are given in Appendix D. 

Desiccation and storage in sealed cans has the same disadvantage 
mentioned under Method 3. It should also be remembered that drying 
film in roll form means that the edges are dried first and that some 
distortion may result with 35mm film, although laboratory tests have 
indicated no serious difficultv. 

J 

In tropical climates, greater care must be taken in all film operations. 
Fungus attack is a constant threat. Lacquering, frequent cleaning and 
inspection are much more important than in moderate climates. 

Some special effort to reduce the relative humidity in film storage 
rooms may also be necessary in temperate climates where humid condi¬ 
tions prevail. 

INSPECTION 

One of the most important precautions in preserving film is inspection 
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at suitable intervals. Each roll of film should be removed from its con¬ 
tainer and carefully examined on the outside and at the end. If there is 
any suspicion about its condition, the roll should be rewound and exam¬ 
ined throughout. In this way, any incipient damage can usually be 
caught before it has gone too far. The proper frequency of inspection 
depends on the value of the films and the storage conditions employed. 
Where the storage temperature and humidity never exceed the recom¬ 
mended limits (Table VI, page 47), acetate films need be inspected only 
about every two years. Where climatic conditions are somewhat adverse, 
inspection should be made much more frequently. In severe climates 
the inspection frequency should be about every three months if the 
humidity is not controlled. 

Sometimes film inspection is considered to be too laborious and costly 
and is neglected for many years, occasionally with unfortunate results. 
Perhaps it is not always possible to open every film can or to rewind 
every roll at the recommended frequency. Rather than omit inspection 
entirely, a few rolls should be selected at random from the film collec¬ 
tion each month for examination. This will provide some "insurance” 
at a relatively small cost. If any signs of fungus or other film damage 
are observed, inspection should be immediately widened and corrective 
measures applied. 
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Archival film storage means the storage of film records which have 
great historical value, and are to be preserved indefinitely (possibly for 
hundreds of years). Only black-and-white silver images on safety base 
should be used for this purpose. However, since color films and nitrate 
films of archival value are already in existence, means of preserving 
these materials as long as possible are described in later sections of this 
booklet. 

One of the cardinal points in providing maximum protection for any 
archival record, whether on film or some other medium, is that more 
than one copy should be stored and in different locations. No matter 
what precautions are taken, there is always the chance of some accident. 
In the case of motion-picture films, the original negative, if available, 
or a duplicate negative should be stored in one location and a print in 
another. The print, of course, would be used for viewing and the nega¬ 
tive only for the preparation of new prints as needed. Where only a 
single print exists, a duplicate negative should be made from it. 

In the following sections, recommendations are given first for pro¬ 
viding maximum protection for very valuable films. It will then be 
pointed out where reasonable compromises may be made in the interest 
of economy. 

SPECIFICATIONS FOR ARCHIVAL STORAGE 

1. The film stock used shall meet the requirements of the American 
Standard Specifications for Films for Permanent Records, Z38.3.2- 
1945, or the latest approved revision thereof (48). (See also Appendix 
B.) Briefly, this means the use of a safety film of satisfactory perma¬ 
nence carrying a silver image processed so that the residual thiosulfate 
content does not exceed 0.005 mg per square inch for a fine-grain 
image or 0.02 mg per square inch for a medium or coarse-grain image. 

(See Table V, page 44.) 

2. The film shall be stored on cores in suitable corrosion-resistant 
cans placed horizontally on shelves. 

3. The storage space shall be located and constructed as a six-hour 
fire-resistive vault according to state and local building codes, the Fire 
Underwriters’ regulations and the requirements of the National Fire 
Protection Association for a Valuable Record Room (50), except that 
an approved air-conditioning installation shall be permitted. 

4. The film shall be protected from water damage whether from 
leaks, fire sprinkler discharge, or flooding of the floor. 

5. Sufficient insulation with a suitable vapor seal shall be provided 
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to permit satisfactory temperature control at all seasons of the year and 
to prevent moisture condensation on or within the walls. 

6. The air shall be conditioned and controlled automatically at 40% 
to 50% relative humidity and between 60 and 80 F preferably near 

70 F, depending on the dew-point of the outside room air (see Table VI, 
page 47). Precautions must be taken where necessary to prevent moisture 
condensation on film when removed from the vault (page 26). 

7. The air shall be filtered to remove dust and cleansed of acidic 
gases where necessary. Sufficient fresh air shall be continually drawn in 
to maintain a slight positive pressure and to provide ventilation for per¬ 
sonnel working in the room. 

PREPARATION FOR STORAGE 

Films intended for archival use should be thoroughly fixed and washed 
at the time of processing as described on page 43, so as to conform to 
the specifications given for residual hypo (see Table V, page 44). This 
is to insure that no silver or sulfur compounds remain in the film which 
might cause discoloration or fading of the image. Films already proc¬ 
essed without previous consideration for archival storage should be 
analyzed for hypo (26, 30). If the residual hypo exceeds the limits speci¬ 
fied, the films should be rewashed, provided that the gelatin in the 
emulsion has not already been damaged by fungus or moisture and be¬ 
come water soluble. If this has happened, the film should be cleaned as 
described on page 38 and duplicated on fresh stock. 

Careful inspection, cleaning, and repair of all films, prior to storage, 
of course, is essential. 

The advisability of lacquering archival films requires comment. The 
chemical stability of the lacquer must be satisfactory. Film lacquers 
sold by the Eastman Kodak Company do not contain cellulose nitrate 
or other materials known to be unstable. Although the stability of these 
lacquers is believed to be good, they have not received as much study 
and experience as safety film itself. It is felt that for negatives which 
are to remain in dead storage under the archival conditions specified, 
lacquering is unnecessary. On the other hand, prints which will be pro¬ 
jected occasionally should be lacquered for protection against scratches. 
The lacquer can then be removed and the film relacquered when 

necessary. 

The films should be wound on suitable cores* and placed in cans 
with loose-fitting lids. The cans should be made of aluminum or stain¬ 
less steel to prevent corrosion. (Rust particles from ordinary tinned- 
iron cans might get into the film). The lids should be loose so that 
conditioned air may enter. Such circulation of air could be speeded up 
by omitting lids and leaving a space between rolls. However, it is felt 

* Negatives are always wound on cores. Projection prints are usually wound on reels. How¬ 
ever, cores are preferred for storage of valuable prints because reels often damage film. 
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that lids are desirable to keep out dust and provide additional protection 
from accidental damage. 

Archival films which are withdrawn from storage and used in an un¬ 
conditioned area where the relative humidity is below 25% or above 
60%, should be allowed an opportunity to recondition at the storage 

relative humidity before being canned. 


STORAGE VAULT 

Acetate film of archival value, like other valuable records, should have 
a fireproof storage vault for protection from outside fire. The film itself 
is no fire hazard, but even in a fireproof building the furnishings or 
other contents may constitute a fire hazard. 

A six-hour fire-resistive vault is recommended. This means that the 
vault should be constructed so as to protect the records against a severe 
fire exposure of six hours duration. A four-hour or a two-hour vault 
would be a little cheaper to build but would provide correspondingly 
less protection. 

Detailed specifications for a valuable record vault — location, build¬ 
ing materials, wall thickness, type of door, etc. — have been published 
by the National Fire Protection Association (50). An architect or an 
engineering firm should also be consulted before construction is under¬ 
taken. The vault should be ground supported if located in a building 
which is not fireproof. It may be located on either the ground or upper 
floors in a fireproof building, provided that supporting and overhead 
floors are of sufficient strength. A record vault should not be located in 
a basement because of the danger of flooding. Sometimes a separate 
structure is preferred and this requires a suitable foundation, roof, vesti¬ 
bule, etc. In a large film depository, a number of small vaults might be 
constructed opening on a central corridor. 

A design for a six-hour fire-resistive vault for the storage of archival 
safety film is shown in Figure 18. A convenient width is about 8 feet, 

and height 10 feet. The length might be 15 to 20 feet, as desired. This 

plan is intended to be merely illustrative and may be varied to suit in¬ 
dividual needs, provided that the essential specifications are met. Stand¬ 
ard steel shelves should be provided along both side walls so that film 
cans may be stacked horizontally. * The shelves should be approximate¬ 
ly 12 inches wide for 1000-foot rolls and 18 inches wide for 2000-foot 

rolls. 

It is realized that the National Fire Protection Association advises 
against the use of air-conditioning in valuable (paper) record rooms, 
because of possible fire hazard from outside. However, proper air-con¬ 
ditioning is considered essential for the long-term preservation of 

* Horizontal stacking is preferred for archival films because stacking on edge may result in 
film distortion because of the weight of the roll. 
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Figure 18. A suggested design for an air-conditioned six-hour fire-resistive vault 
for the archival storage of safety motion-picture film. The size is approximately 
8 ft. x 1 5 ft. x 10 ft. high but may be varied as desired. 
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archival films. The fire hazard introduced by the openings in the room 
for air-conditioning ducts may be overcome by the use of Underwriters 
approved automatic fire control dampers in the ducts, installed in ac¬ 
cordance with recommendations of the National Fire Protection As¬ 
sociation (22). 

An automatic sprinkler system inside a fire-resistive vault containing 
only safety film is not considered necessary and its elimination decreases 
the danger of accidental water damage to the film. If a sprinkler sys¬ 
tem is not installed, no combustible furnishings or materials other than 
the safety film itself may be permitted inside the vault. Local Building 
Codes, the Fire Underwriters’ and the National Fire Protection Asso¬ 
ciation’s regulations (50) concerning valuable record rooms should be 
consulted in this connection. 

Automatic carbon dioxide fire-extinguishing equipment is coming 
into more general use in cases where water damage is sometimes as 
serious as fire loss. If this is employed in the film vault, a warning de¬ 
vice is required to permit anyone present in the room to escape before 
the carbon dioxide is released. 

AIR-CONDITIONING 

The selection and installation of the air-conditioning equipment should 
be done by a competent air-conditioning engineer. The unit air-con¬ 
ditioner must be capable of maintaining the temperature and humidity 
conditions within the limits specified at all seasons of the year. One 
conditioning unit may supply several film vaults if desired. 

The type of unit air-conditioner that should be used will depend up¬ 
on local conditions. A spray-chamber type of air-conditioner is sug¬ 
gested. Sufficient fresh air should be provided to keep the room under a 
slight positive pressure for ventilation purposes and to prevent the en¬ 
trance of untreated air. 

The conditioner should be made of corrosion-resistant material and 
should be of very high quality construction in order to make costly, fre¬ 
quent repairs and replacements unnecessary. The conditioner should 
preferably be located outside of the vault for ease of maintenance and 
precautions should be taken to prevent leakage of water into the vault 
in case of a breakdown. The conditioner casing and all duct work 
should be well insulated. Control of room conditions may be by means 
of a dry bulb thermostat and either a wet bulb thermostat, a hygrostat, 

or a dew-point controller. 

A refrigeration unit, probably of the unit type reciprocating com¬ 
pressor-condenser machine with Freon (F-12) as the refrigerant, should 
be furnished to provide the necessary refrigeration needs of the unit air- 
conditioner. The refrigeration condenser may be of either the air-cooled 
or water-cooled type, depending in some cases on the services available. 

Some economy in air-conditioning for storage can be effected by 
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specifying that accurate control of relative humidity and temperature is 
not necessary as it is in some laboratory operations. A variation within 
the limits specified in Table VI, page 47 is permissible. It is also possible 
in some climates to do a reasonably good job without a spray chamber 
by passing air through cooling coils to freeze out excess moisture and 
then reheating the air. This will prevent high humidity —the greatest 
danger to film —but will not prevent low humidity in dry seasons. It is 
also permissible to allow temperatures to rise up to 10 F above the 
recommended level on occasional hot days in summer. This allows the 
use of a lower capacity cooling system than one required to handle all 
peak loads. 

All air-conditioning equipment requires a certain amount of mainte¬ 
nance. Wet bulb and dry bulb recording thermometers are highly de¬ 
sirable. In any case, the temperature and relative humidity should be 
checked daily with a wet and dry bulb psychrometer equipped with 
means for providing the required air velocity over the thermometer 
bulbs as approved by the National Bureau of Standards. 

The vault should be cleaned frequently to prevent the accumulation 
of lint from clothing, dirt from shoes, etc. If a spray chamber is used 
in the air-conditioner, and if the water is recirculated, it should be kept 
clean to prevent the formation of biological slime which eventually de¬ 
composes to give off hydrogen sulfide. The air-purification units also 
require occasional servicing and all equipment should be checked peri¬ 
odically. Safeguards should be set up to prevent condensation of mois¬ 
ture on objects in the vault whenever the refrigeration or dehumidifica¬ 
tion unit is shut off for a clean-up or is otherwise out of order. 

AIR-PURIFICATION 

All air being supplied to the room should be filtered to remove dust re¬ 
gardless of whether a spray-chamber type of unit air-conditioner is 
employed. 

The removal of gases such as sulfur dioxide and hydrogen sulfide 
from the air requires special consideration. These contaminants come 
from illuminating gas, coal gas, and certain chemical plants and are 
present in the atmosphere in harmful concentrations in most industrial 
and urban areas. A storage vault for archival records on either paper or 
film should be located as far as possible from urban or industrial centers 
for this reason. 

The question is often raised, just how much sulfur dioxide in the 
atmosphere is considered harmful for archival storage? As far as is 
known, no actual tests have been made on film stored in air containing 
very low concentrations of sulfur dioxide for extended periods of time. 
The National Bureau of Standards has investigated the effect of sulfur 
dioxide on paper at concentrations of 2 to 9 parts per million of air at 
86 F and 65% R.H. for a period of 10 days (62). It was reported that, 
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. . . in every case a decrease in folding endurance and an increase in 
acidity occurred, and that these changes were usually of considerable 
magnitude." The actual sulfur dioxide content of city air for 15 Amer¬ 
ican and European cities was reported in 1931 to vary from 0.2 to 3 
parts per million of air. (62) A more recent study in New York City 
showed concentrations of sulfur dioxide averaging 0.1 to 0.25 with 
maximums of 0.8 parts per million of air (67). No actual safe limit of 
sulfur dioxide concentration for storage of archival film can be sug¬ 
gested, but the higher concentrations found in many urban areas entail 
a very real risk of damage over a long period of time. 

When a contaminated atmosphere cannot be avoided, a chemical 
engineer should be consulted to help select the best type of air scrubber, 
activated charcoal adsorber (64) or other purification method which 
should be employed. Reference might also be made to the facilities 
installed in the Harvard University Rare Book Library (63). 

SPECIAL CONSIDERATIONS FOR COLOR FILMS 
ON ACETATE BASE 

The dyes used in Eastman Color and Kodachrome Films are as stable 
as is consistent with the optical and chemical restrictions placed upon 
them by the nature of the color processes. Nevertheless, all dyes fade 
somewhat in time. For this reason, the proposed American Standard 
Specifications for Films for Permanent Records (Appendix B) specifi¬ 
cally excludes the use of color images for archival purposes. However, 
many valuable color films exist and it may be desirable to preserve 
them as long as possible. 

One possiblity is to make black-and-white copies of valuable color 
films for permanent preservation. This is sometimes done, but it vio¬ 
lates one of the first principles of the archivist, namely, to preserve 
the record in its original form, which in this case means in color. An¬ 
other possibility is to make three color separation negatives on black- 
and-white film so that these can be used to make a new color print at 
any future time.* This is an expensive procedure but is often justified. 
Usually some combination of these plans is adopted, such as preserving 
the original color film as well as a black-and-white copy as insurance. 

The factors which contribute to fading of color films are light, heat, 
and moisture. Projection of motion-picture film is so rapid and the 
form of storage is such that light is not a problem. Optimum storage 
conditions for the preservation of the dyes in color film are as cold 
and dry as possible. For maximum permanence, the storage tempera¬ 
ture should be below zero F and the equilibrium relative humidity of 

the film 15 to 25% (see Table VI, page 47). 

Laboratory tests have shown that the dyes in color films keep even 

* Further information and recommended procedures may be obtained from the Motion Pic¬ 
ture Film Department, Eastman Kodak Company, Rochester 4, N. Y. 
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better at 5% R.H. than at 20% R.H. However, the lower the moisture 
content of the film, the more trouble is encountered from brittleness, 
curl, spokiness, and other film distortions. From a physical standpoint, 
a relative humidity of 40 to 50% is considered best. The problem is to 
arrive at a reasonable compromise. Tests have shown that both Koda- 
chrome Film and Eastman Color Films can be handled at 15 to 25% 
R.H. without serious difficulty from distortion or brittleness, if care is 
taken. Therefore, this humidity range is recommended for maximum 
storage life of valuable records in color. 

Color films require special preparation for archival storage. Condi¬ 
tioning to the recommended humidity may be accomplished in one 
of the following ways: 

1. The preferred method is to pass the film through a conditioning 
cabinet with air circulating at about 15% R.H. The humidity may be 
maintained by an automatic conditioning unit. The film speed should 
be adjusted so that each strand is in the cabinet about 15 minutes. This 
is long enough to condition the film about 9/10 of the way to equi¬ 
librium or, for example, from 70% R.H. to 20% R.H. (Figure 7). If 

a conditioning unit is not available the air may be heated the correct 
amount to maintain 15% R.H. (Consult psychrometric chart.) 

2. A less desirable procedure is to desiccate the film without unwind¬ 
ing, by storing uncovered rolls in an air-tight metal cabinet containing 
activated silica gel at room temperature. The amount of silica gel re¬ 
quired can be determined accurately only by a knowledge of the 
amount of moisture to be removed from the film and the amount 
adsorbed by activated silica gel at the final relative humidity desired 
(20% R.H.). This is explained in Appendix D. 

Accurate control of the moisture content of films by either of the 
above methods requires some analytical facilities and technical super¬ 
vision. No collection of color films of appreciable size and value to be 
preserved indefinitely should be desiccated without such facilities. 

When removed from cold storage, the film can must not be opened 
until it has been allowed to warm up to room temperature (Figure 13). 
If the desiccated film is to be printed or projected, it should first be 
reconditioned by passing it through the conditioning cabinet again for 

15 minutes at 40% to 50% R. H., or allowing it to stand several days 
uncovered in a room at this condition (Figure 7). This will minimize 
the chance of breakage from excessive dryness. It will then have to be 
desiccated again before returning to storage. 

INSPECTION 

Films stored under the conditions specified for archival storage should 
not need inspection as frequently as those stored under uncontrolled 
or adverse conditions of commercial storage (page 50). However, films 
in archival storage should still be inspected about every three years. 
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The tendency of nitrate film to decompose on aging, and the factors 
which affect this reaction, have been described in an earlier section 
(page 14). It is for this reason that nitrate film represents a hazard to 
both life and property and at the same time fails to provide the per¬ 
manency desired for many pictures. 

Although nitrate motion-picture film is no longer manufactured in 
the United States, considerable quantities remain in storage. Some of 
this film is in the form of duplicates or prints of commercial or short¬ 
term value. There are also many pictures on nitrate base which are 
considered of great historical or archival value. These are often in the 
possession of libraries and museums and the cost of duplication on 
safety base film is prohibitive. Therefore, it is necessary to consider the 
best way to preserve such records, even though nitrate base film should 
not have been used for this purpose. 

In the sections which follow, emphasis is given to the problem of 
archival preservation of nitrate film because this is the most difficult. 
However, it is not possible to give as detailed information as the 
reader may wish. Reference should be made to the work of J. G. Brad¬ 
ley (45, 51), formerly with the National Archives, Washington, D. C. 
and to that of E. Lindgren (47), Curator and H. G. Brown (53), 
Associate, National Film Library, London, England. The question of 
hazard is covered in a companion booklet, "Hazard in the Handling and 
Storage of Nitrate and Safety Motion Picture Film,” which may be ob¬ 
tained from the Motion Picture Film Department of Eastman Kodak 
Company, Rochester 4, N. Y. 

PREPARATION FOR STORAGE 

All nitrate films received for storage should first be carefully examined 
to make certain that they are still in good condition. If any signs of 
decomposition are present (see page 15) they should be cleaned, dupli¬ 
cated and then destroyed. Nitrate film still in good condition should 
be cleaned if necessary and each roll placed in a separate film can. 
Aluminum or stainless steel cans are preferable to tinned steel if the 
film is valuable. Cans in which nitrate film is stored should never be 
taped or otherwise sealed as this would prevent the escape of nitrogen 
oxide gases which accelerate decomposition of the film. 

STORAGE VAULT 

All nitrate film of either commercial or archival value must be stored 
in an approved vented cabinet or vault. Standards for the design, con¬ 
struction and use of storage cabinets and vaults for both commercial 
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and archival nitrate films have been established by the National Board 
of Fire Underwriters (23). These standards have been developed over 
a period of many years and are the result of a great deal of experience 
with nitrate film fires. Important revisions were made in these stand¬ 
ards in the 1953 edition, which should be carefully followed. Details 

of construction and diagrams are given for cabinets, non-archival 
vaults, and archival vaults. Investigations have also been made by the 
National Archives and the National Bureau of Standards on the effect 
of a number of factors on fires in nitrate film vaults (24). 

The principles on which the Underwriters’ regulations are based are: 
the elimination of all possible means of starting a fire, provision for the 
control of and protection against the spread of fire, segregation of large 
quantities of film into small protected units, and ample provision for 
safety to human life. The regulations describe the approved type of 
building construction, self-closing fire doors, exits, vents, automatic 
sprinklers, etc. Light fixtures and electric systems must be of an ap¬ 
proved type. Heating equipment in vaults is restricted to hot water 
with automatic controls, limiting steam pressure to 10 pounds and the 
vault temperature to 70 F. 

Nitrate film in excess of 25 pounds (five 1000-foot rolls) but not in 

excess of 1000 pounds may be kept in approved cabinets. Amounts 
in excess of 1000 pounds must be kept in approved vaults. Vaults for 
commercial storage are limited to 750 cubic feet with a vent area not 
less than 200 square inches per 1000 pounds of film or a total of 2000 
square inches for the standard size vault. Sprinklers must be provided, 
not less than one for each 62 Vi cubic feet of space or 12 for a 750 
cubic foot vault. Vaults for archival storage are limited to 1000 cubic 
feet with a vent area of not less than 2670 square inches and not less 
than 8 sprinklers. 

Racks or shelves in commercial film vaults should be made of hard¬ 
wood or noncombustible insulating material. Shelves in archival film 
vaults should be divided into individual compartments with not less 
than ^8-inch thick noncombustible insulating material (gypsum wall- 
board or sheet rock). Each compartment should be a suitable size for 
holding only one or at the most two film containers. The sprinklers 
located in the ceiling are directed so that all shelves will be drenched 
in the event of fire. The individual containers will protect the film from 
water damage. Tests have shown that with this type of construction, 
combustion of the film in one insulated compartment will not ignite 
the film in another (43, 51). A typical nitrate film vault (courtesy of 
the George Eastman House) is shown in Figures 19 and 20. 

Air-conditioning systems in film vaults should be installed accord¬ 
ing to regulations of the National Board of Fire Underwriters (22). 
Automatic fire dampers should be installed in the air ducts so that a 
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Figure 19. Exterior view of q typicol voult for orchivol storage of nitrote film 
(courtesy of The George Eastman House). 


fire in one vault will not spread to another and so 
given off will not be distributed to other rooms 

outside. 


that the toxic gases 
but will be vented 


AIR CONDITIONS 


The Underwriters’ regulations make no provision for control of air 
temperature and relative humidity in the storage of 


film other 


than that temperatures must not exceed 70 F. This is a safety precaution 
Additional precautions are required from the standpoint of film preser 


vation. 


The air conditions recommended for nitrate film storage are listed in 
Table VI, page 47. For commercial storage, temperatures up to 70 F and 
relative humidities between 25/F and 609c are considered satisfactory. 
Where this maximum temperature and humidity is exceeded and com¬ 
plete air-conditioning is unavailable, dehumidification by machine with¬ 
out cooling is less expensive and would be some advantage. Cooling 
alone without automatic relative humidity control is also beneficial, since 
a considerable amount of moisture can be condensed out of the air on 
cooling coils. Nitrate film should not be conditioned or desiccated and 
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products 


then sealed in air-tight a 
because decomposition 
could not escape. 

Nitrate black-and-white films of 
archival value should be stored be¬ 
low 50 F at 40 to 50% R.H. and 


color films below 



50% 


R.H 


for 


maximum 


40 to 

life. 



These conditions require some ex¬ 
pense to achieve. Lower relative 
humidities than those recommend¬ 
ed would retard decomposition 
nitrate film and fading of color im 
ages, but it is felt that the risk 
brittleness with old nitrate film 
too great. Additional information 

air-conditioning is given on 
page 5 5 which may also be applied 
to nitrate film storage vaults. 
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Figure 20 





view of 


of the vault shown in Fig. 19 (c< 
of The George Eastman House) 


INSPECTION AND DETECTION OF UNSTABLE NITRATE FILM 

Detection of unstable nitrate 


film 



far the most important aspect 
of attempting to preserve this material. If it is not found in time, com¬ 
plete destruction of the record may result. Spot inspection should be 
made once a year if the recommended storage conditions are followed 


and once every three months if adverse conditions exist 
Visual examination of nitrate film will detect decompo 


only 


after some damage has occurred (Figure 8). The sense of smell is more 
useful in detecting the earlier stages of nitrate decomposition because 
the nitrogen oxide fumes given off have a characteristic pungent odor 
similar to that of nitric acid. Once known it is easily detected when a 


can 


opened 


The above methods of detecting unstable nitrate film are generally 
satisfactory for commercial records but in the case of very valuable pic¬ 
tures, a more sensitive method of detection is needed in advance of any 
actual damage. Fortunately, two rather simple chemical tests have been 
developed which require only a punching from the film 6mm (V 4 inch) 
in diameter. From the results of these tests it is possible to predict the 
end of the useful life of the film nearly enough so that it can be dupli¬ 
cated while in good physical condition. Directions for making these 

stability tests and estimating the useful life of the film are given in 

Appendix C. 
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APPENDIX A 


Laboratory Tests 

for Identifying Acetate and Nitrate Film 

Motion-picture films may sometimes be difficult or impossible to identify directly 
as nitrate or acetate by the means described on pages 6 to 11. In such cases a 
simple test is needed and the following may be used. 

FLOAT TEST 

A simple, reasonably foolproof test to distinguish nitrate and any cellulose ester 
safety film is to punch a Yi -inch sample from the film and place it in a test 
tube or a small bottle of trichloroethylene.* The liquid should be shaken to make 
sure that the film punching is completely immersed. If the punching sinks it is 
nitrate film; if it floats to the surface it is acetate film. This is because trichloro¬ 
ethylene has a specific gravity between that of nitrate film and cellulose ester 
safety films as indicated below: 

Specific Gravity 


at 25 C 

Cellulose nitrate film base 1.50-1.53 

Trichloroethylene 1.477 

Cellulose acetate (high acetyl) film base 1.26-1.29 

Cellulose acetate propionate film base 1.25-1.27 

Cellulose acetate butyrate film base 1.22 -1.24 


No cellulose ester safety film base has a specific gravity above or even near 
that of trichloroethylene. The emulsion coated film has a somewhat higher 
specific gravity than the base itself depending on the amount of silver present. 
However, we have not found any safety films which do not float in trichloroethy¬ 
lene either raw or flashed and developed, including Duplitized products having 
emulsion on both sides. One precaution should be heeded in making the float 
test — it should not be made on film still wet from processing because, under 
these conditions nitrate film does not sink in trichloroethylene as it does when 
dry. 

Trichloroethylene is non-flammable but its vapor should not be breathed, 
its toxicity being about half that of carbon tetrachloride (a somewhat hazardous 
solvent sometimes used for cleaning film). 

BURNING TEST 

The final and conclusive test for a nitrate or a safety film, of course, is a burning 
test which can be made safely if certain precautions are taken. THE BURNING 

TEST MUST NEVER BE MADE ON FILM IN A ROLL OR EVEN ON A 

LONG PIECE OF FILM. A small sample should be cut from the roll and taken 
into another room where no film or other hazardous material is present. If a 
long piece of film is ignited and it turns out to be nitrate a serious burn or 
a bad fire may result. 

* Trichloroethylene may be purchased from the Eastman Kodak Company, Rochester 4, N. Y. 
(Eastman Organic Chemical Catalog No. 1300) and also from various organic chemical 
supply houses. 
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The burning test must be made in a carefully prescribed manner or an inex¬ 
perienced person may still confuse nitrate and safety film, particularly since only 
a small sample can be burned safely. For example, Duplitized nitrate film with 
emulsion on both sides does not always burn as fiercely as one expects, and some¬ 
times small pieces of safety film held in a match flame burn more rapidly than 
expected. 

The Field Test described in the American Standard Specifications for Safety 
Photographic Film (20) is recommended for distinguishing nitrate and safety 
film by burning. The directions given in the standard are: 

“5.2 Sample. Cut a piece of film approximately 16mm (0.63 in.) wide and 

33mm (1.38 in.) long. Bend the film lengthwise and crease it sufficiently so that 
when released it will stand upright. 

“5.3 Procedure. Stand the film sample (with the crease vertical) on a flat sur¬ 
face such as an ash tray, glassplate, concrete floor, etc. This should be done at a 
safe distance from all film stocks With a match flame, ignite one of the top 
corners of the film. Anyone unfamiliar with the burning of safety and nitrate 
photographic films should first conduct this test on samples of both types of 
film, the identities of which are known. 

“5.4 Interpretation. If the film ignites easily, burns downward rapidly and 
vigorously with a bright yellow flame, and is completely consumed in less than 
15 seconds, it probably contains dangerous quantities of cellulose nitrate and 
probably will not pass the standard tests for safety film. If the film sample ignites 
with difficulty and burns only partially, or if it burns completely in a time not 
under 15 seconds, compliance with the standard tests may be considered as¬ 
sured and the film classified as safety film. If the results of the field tests are 
doubtful, the laboratory tests specified in this standard should be conducted.” 

CHEMICAL TEST 

There is a standard chemical test known as the Diphenylamine Test for the 
nitrate molecular group which is present in cellulose nitrate film base. The de¬ 
tails of this test are not given here because it should not be used for testing film 
by anyone other than a trained analyst. It is so sensitive that it will give a posi¬ 
tive reaction on safety film containing a mere trace of cellulose nitrate in the 
sub layer (between the emulsion and the support) unless the sub is first removed. 
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APPENDIX B 


Proposed American Standard Specifications for 

Photographic Filins for Permanent Records 

(Revision of American Standard Z38.3.2-1 945} 

Note: This standard has not yet received the approval of the American Standards 
Association. (Draft of November 5, 1956, revised January 4, 1957.) 


FOREWORD 

The past two decades have seen great advances in the use of photographic films 
for the preservation of records. Considerable interest is also being shown in the 
safekeeping of pictorial records having legal, scientific, industrial, or historical 
value. The preservation of film records of national, state, and municipal gov¬ 
ernments throughout the country, and by banks, insurance companies, and other 
enterprises, was stimulated by a recognition of the economies in storage space, 
organization, accessibility, and the ease of reproduction that results from the 

use of film records. 

During the early development period of the art of microcopying documents 
it was customary to use 35mm nitrate motion-picture film, a material that is 
flammable and likely to deteriorate in storage.* For some years, however, films 
specifically designed for microcopying purposes have been in wide use. They 
have special photographic qualities and are, without exception, produced on 
safety film base, usually of the cellulose ester type. 

The useful life of safety cellulose-ester type films is conjectural since actual 
experience with the material extends back only about 45 years. Experience with 
the material during that time and the results of accelerated aging tests and 
other studies predict, however, that the material is capable of enduring as long 
as rag-paper stock under normal storage conditions. This fact was recognized 
by the 76th Congress of the United States, which passed, in 1940, Public-No. 

788, a bill permitting the destruction of certain kinds of original records of the 
Government after they had been copied on record film meeting the require¬ 
ments of the National Bureau of Standards. The present American Standard is 

based on these requirements. 

This document is a revision of the original standard, Z38.3.2-1945, which 
was developed by Sectional Committee Z3 8-Photography. The principal 
changes are the substitution of the MIT Fold Test for the Pfund Test because 
of availability and convenience of the instruments; new flexibility limits to take 
care of films of various thicknesses; omission of the pH test which is not ap¬ 
plicable to cellulose triacetate; revision of the viscosity test to cover cellulose 
triacetate; revision of the limits for residual thiosulfate for films of different 
grain size and films with coatings on both sides of the base; and specification of 
the image to be selected for thiosulfate analysis and restriction of the time in 

which the analysis may be performed. 

*The manufacture of nitrate motion-picture film was discontinued in the United States about 
1951, although appreciable quantities remain in storage. The manufacture of other types 
of nitrate film has also been discontinued in the United States. 
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PH1.25-195 6 


APPLICABLE SPECIFICATIONS 

American Standard Specifications for Safety Photographic 
Film. 


PH4.8-1953 American Standard Method for Determining Thiosulfate 

Content of Processed Photographic Film. 

PH4.12-1954 American Standard Method for Indicating the Stability of 

the Images of Processed Black-and-White Films, Plates, and 
Papers. 


ASTM D643-43 Standard Methods of Test for Folding Endurance of Paper. 

ASTMD776-46 Standard Method of Test for Effect of Heating on Folding 

Endurance of Paper. 

(Copies of American standards can be obtained from the American Standards 
Association, Inc., 70 East 45th Street, New York 17, N. Y. Copies of ASTM 
standards can be obtained from the American Society for Testing Materials, 
1916 Race Street, Philadelphia 3, Pa.) 


1. SCOPE 

7.7 This standard is concerned with both raw stock for permanent record films 

and with the processed films ready for storage. The standard is not restricted to 

microfilms but applies equally well to motion-picture films, roll films and sheet 
films. 

7.2 This standard applies only to safety cellulose ester-type films having gela¬ 
tin-silver halide emulsions (Note 1), developed in ordinary processing solutions 
to produce what is normally called a black-and-white photographic image. 
Silver halide layers that produce colored images by means of their chemical 
composition, or treatment in processing are excluded. Likewise excluded are 
black-and-white silver halide images that have been chemically altered by treat¬ 
ments such as toning, reduction or intensification. 

2. DEFINITIONS 

2.7 Permanent Record Film. Permanent record film is a photographic material 
so composed and treated that the image and support will have maximum keep¬ 
ing quality under ordinary room storage conditions. 

2.2 Raw Stock. Raw stock is sensitized photographic material that has not 
undergone the process of development. 

2.3 Film Base. The film base is the support for the photographic layer or pho¬ 
tographic film with the light sensitive layer or layers and any non-curl backing 
layer removed. 

2.4 Safety Cellulose Ester-Type Base. Safety cellulose ester-type film base is 

film base composed mainly of cellulose esters of acetic, propionic, or butyric 
acids. 

NOTE 1. If photographic films made from materials of other chemical types become com¬ 
mercially available and research or experience demonstrates that they are suitable for perma¬ 
nent record use, either this standard will have to be modified accordingly or a separate ap¬ 
plicable standard prepared. 
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2.5 Photographic Layer. The photographic layer is the light sensitive medium 
capable of producing an image by means of the photographic process; speci¬ 
fically a gelatin-silver halide emulsion layer. 

2.6 Non-Curl Backing Layer. A non-curl backing layer is a layer usually made 
of gelatin, applied to the side of the film base opposite that of the photographic 
layer, for the purpose of preventing curl. It is comparable to the photographic 
layer in thickness and is not removed in processing. (Antihalation layers re¬ 
moved in processing are excluded from this definition.) 

3. RAW STOCK REQUIREMENTS 

3.1 Base. The base used for permanent record film shall contain not over 0.15 
percent nitrogen combined as cellulose nitrate, as determined by the method 
described in American Standard Specifications for Safety Photographic Films, 
PH 1.25-1956, or the latest revision thereof. 

3.2 Base Plus Photographic Layer. The film shall meet the requirements for 
ignition time and rapidity of burning specified in American Standard Speci¬ 
fications for Safety Photographic Film, PH1.25-1956, or the latest revision 
thereof. 

3.3 Photographic Layer. Gelatin-silver halide emulsions shall be used for 
permanent records and shall be suitable for development as original negatives, 
as positive prints from negatives, or as direct positives. Photographic materials 
producing final images composed of dyes shall not be used for permanent 
record films. 


4. PROCESSED FILM REQUIREMENTS 

4.1 Base. 

4.7.7 Viscosity Retention. The relative viscosity of a solution of film base 
obtained from processed film which has been heated for 72 hours at 100 ± 
2 C. (212 ± 4 F.) and the relative viscosity of a solution of film base obtained 
from unheated processed film shall not differ by more than 5 percent when 
measured according to 5.1. 

4.2 Processed Film. 

4.2.7 Flexibility and Flexibility Loss on Aging. The film samples shall be 
processed and dried under the conditions used for the film records. (Note 2.) 
One half of the processed film samples shall be heated in an oven for 72 hours 
at 100 ± 2 C. (212 ± 4 F.) as specified in 5.2. Both unheated and heated 
specimens shall be conditioned and tested for folding endurance as specified in 
5.3. The unheated film shall withstand the number of double MIT folds speci¬ 
fied in Line 1 of Table I. The loss in folding endurance after heating shall not 
exceed the percentages specified in Line 2 of Table I (Note 3). 

4.3 Photographic Layer. 

4.3.7 Color of Image. A developer or a process of development designed 
to produce a colored image shall not be employed. Stained or toned images 
shall not be accepted for permanent-record use. 

4.3.2 Residual Thiosulfate Content. After processing, the film shall not 
contain more thiosulfate as anhydrous sodium thiosulfate (Na 2 S 2 0 3 ) than 
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specified in Table II, when determined by the test method described in Amer¬ 
ican Standard Method for Determining Thiosulfate Content of Processed 
Photographic Film, PH4.8-1953 or the latest revision thereof. The analysis for 
thiosulfate shall be made on a film sample from a representative image area 
(Note 4) and shall be made within 24 hours after processing. (See Appendix.) 


Table 1 — Limits for Flexibility and Flexibility Loss on 

Aging 

Total Film Thickness: 

Under 0.13 mm 

(0.005 in.) 

0.1 3-0.18 mm 

(0.005-0.007 in.) 

Over 0.18 mm 

(0.007 in.) 

1. JJnheated Film 

Minimum average number of 
double MIT folds. 

20 

10 

4 

2. Heated Film 

Maximum average loss in num¬ 
ber of folds compared with 
unheated film. 

25% 

35% 

50% 


Table II 


Limits for Residual Thiosulfate 


Classification of Films According 
to Grain Size of Developed Image 


Class 1. 

Fine grain copying, duplicating and printing films. 
(Includes ordinary microfilms.) * 

Class 2. 

Medium grain continuous tone camera films (nega¬ 
tive and reversal) and coarse grain x-ray films. 


Maximum Thiosulfate as Anhydrous 
Sodium Thiosulfate (Each Side of Film) 


micrograms 

micrograms 

• 

per sq. cm. 

per sq. in. 

0.8 

5 

3 

20 


milligrams 
per sq. in. 


0.005 


0.02 


*For films having finer grain structure than those types covered by Class 1 (that is, high resolu¬ 
tion films), it is desirable to have a residual thiosulfate content less than 0.8 micrograms per 
sq. cm. (0.005 mg. per sq. in.). This can be accomplished by at least one of two alternatives: 

additional washing to give a residual thiosulfate content of 0.5 micrograms per sq. cm. 
(0.003 mg. per sq. in.) or less, or (2) use of a suitable washing aid. 


Films having photographic layers on both sides of the base, or films having a 
photographic layer on one side and a non-curl backing layer on the reverse 
side, are permitted the specified amount of residual thiosulfate in each side of 
the film. 

The classification of films according to grain size given in Table II will us¬ 
ually be obvious where the name and type of film, as described by the manu¬ 
facturer, are known. Where the type of film is not known, a sample of the 
exposed and processed film should be examined under a comparison microscope 
at 20 times magnification or greater, along with samples whose classifications 
according to grain size are known, and classified accordingly. Any film which 
cannot be classified definitely according to grain size as indicated in the table 
shall be considered as Class 1. (See Appendix.) 

NOTE 2. Film can be made britde by drying at too high a temperature. 

NOTE 3- The increase in the limits for percent loss in number of folds after heating with 
increase in film thickness, is not intended to permit greater deterioration of the thicker film, 
but is necessary because the test is not sufficiently accurate when the level of folds is low. 

NOTE 4. Additional exposures required for test purposes can be made at the end of the 
roll in the case of microfilm or motion-picture film. 
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5. TEST METHODS 

5.1 Test for Relative Viscosity. Four (4) specimens of processed film having 
the same average silver density and weighing 1.000 gram each shall be cut 
from the sample. Two (2) of the specimens shall be heated in air at 100 ± 
2 C. (212 ± 4 F.) for 72 hours. Each of the specimens shall be immersed in 
approximately 95-ml of reagent grade acetone in a 100-ml volumetric flask, 
if the film base is known to be acetone soluble. If not, a mixture of methylene 
chloride, 90 percent, and methanol, 10 percent by weight shall be substituted. 
Solution of the base may be effected by repeated shakings for one to two hours or 
allowing it to stand overnight. 

After solution of the film base is complete and the non-support layers have 
settled to the bottom, the flasks shall be immersed in a water bath maintained 
at 25 ± 0.1 C. (77 ± 0.2 F.). When a temperature equilibrium has been 
reached and the volume of the solution adjusted to 100 ml, a portion shall be 
transferred to an Ostwald pipette immersed in a constant-temperature bath at 
the same temperature. The pipette chosen should have a flow time between 20 
and 100 seconds for the solution to be tested. The volume taken should be 
sufficient to half fill the lower bulb of the pipette. The time of flow of the solu¬ 
tion through the capillary of the pipette shall be measured to the nearest 1/5 
of a second. The time of flow shall also be measured for the same volume of 
the pure solvent. Not less than 3 readings should be made for each portion and 
the results averaged. The relative viscosity shall be calculated as the ratio of the 
time of flow of the solution to the time of flow of the solvent. 

Duplicate determinations shall be made on both the original and heat- 
treated film sample and the duplicates should agree within 5/10 of a second. 

5.2 Test for Effect of Heating on Folding Endurance. The effect of heating on 
the folding endurance of the processed film shall be determined in a manner 
similar to that described in ASTM D7 76-46. The test specimens shall consist 
of strips 15 to 16mm (0.59 to 0.63 in.) wide and at least 14cm (5.5 in.) long. 

Ten strips shall be used for the heat test and an equal number for the unheated 
control. Films already in 16mm form may be tested in this width; other films 
shall be cut to the width specified using a sharp tool which does not nick the 
edges of the specimen. Where the size of film permits, an equal number of test 
specimens shall be cut from both the lengthwise and widthwise directions of 
the film and tested. The specimens to be heated and the control specimens shall 
be cut alternately and contiguous to each other. 

The test specimens to be heated shall be suspended in the oven in such a way 
that the air of the oven has free access to each strip, and the strips are not in 
contact with any part of the oven. The specimens shall be heated under the 
conditions specified in 4.2.1. The oven shall be kept closed and no other mate¬ 
rials shall be in the oven during the heating period. The heated and unheated 
test specimens shall be conditioned side-by-side and tested alternately in the 
MIT folding machine as specified in 5.3. 

Film strips which curl appreciably when freely suspended in the oven during 
heating may give abnormally low fold values. If the film strips after heating are 
appreciably curled, and if the percent loss in number of folds exceeds the limits 
specified in 4.2.1, another set of film strips shall be retested in the following 
manner. The film strips shall be fastened snugly, emulsion side out, by clamp¬ 
ing the two ends together around a glass or metal cylinder approximately 3 
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inches in diameter, before placing in the oven. This procedure prevents the 
development of high curl in the oven and gives more reliable fold values. 

5.3 Test for Folding Endurance. The folding endurance of both unheated and 
heated film specimens shall be determined by means of the MIT folding tester 

as specified in ASTM D643-43, Method B. The test specimens shall be pre¬ 
pared as described in 5.2 and shall be measured for thickness with a suitable 
micrometer to within 0.005mm (0.0002 in.). All specimens shall be condi¬ 
tioned at 21 to 24 C. (70 to 75 F.) at 50 ± 2 percent relative humidity for 24 
hours and then tested in the MIT folding machine at a tension of 1.0 kg. Perfo¬ 
rated 16mm specimens shall be positioned in the jaws of the MIT machine so 
that the fold is made midway between successive perforations. The folding en¬ 
durance of the film is the average number of double folds required to sever the 
specimens and automatically stop the machine. The results for films tested in 
both the lengthwise and widthwise directions shall be reported separately for 
the two directions. 

(Two appendices and the bibliography of this proposed standard have been 
omitted.) 
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APPENDIX C 


Tests for Unstable Nitrate Film* 

Recently the attention of film librarians has been directed to two tests devel¬ 
oped in England, under the auspices of the British Government’s Chemical 
Research and Development Establishment and the Department of the Govern¬ 
ment Chemist. In Report No. 2/R/48, "The Surveillance of Cinematograph 
Record Film During Storage,” by G. L. Hutchinson, L. Ellis, and S. A. Ashmore, 
the authors described a rather extensive investigation of the stability of film in 
storage and outlined the details of two test procedures which they had found 
useful. Further information concerning the use of these tests and the results 
obtained may be secured from the British Film Institute, 164 Shaftesbury, 
London, England. This is a government department similar to the U. S. Na¬ 
tional Archives. 

A brief summary of this British Report and an outline of the test methods 
are described immediately below. 

SUMMARY 

"The deterioration of nitrocellulose base cinematograph film on prolonged 
storage is brought about by a slow but progressive decomposition of the nitro¬ 
cellulose. The changes occurring are complex but it seems clear that the gela¬ 
tine on the film acts as a stablizer and accordingly suffers deterioration which 
involves loss of the contained silver image at about the same time that the film 
becomes sticky. This stage is the end of the useful life of the film, and as such 
film cannot be duplicated it represents a total loss of record. 

"Two tests, based on methods of known value in the examination of nitro¬ 
cellulose explosives, have been developed whereby it is possible to anticipate 
the end of the useful life of a film. The results of these tests allow sufficient 
time for a film to be duplicated while still in good physical condition. 

"Using the two tests referred to in the above paragraph a scheme of sur¬ 
veillance and sentencing of stored films has been devised. 

"Since the useful life of a film is well ended before conditions favorable to 
spontaneous inflammation arise, it is clear that danger from this source can 
now be avoided. 

"The results of this investigation are clearly applicable in principle to all 
stored cinematograph film having a cellulose nitrate base.” 

Two recommended tests for predicting the future condition of nitrate film in 
storage are the Alizarin Red Heat Test and the Micro-Crucible Test. These are 
described briefly below: 

ALIZARIN RED HEAT TEST 

In this test a small punching of the film of approximately 6 mm diameter 
and weighing 7 mg is heated in a glass tube in which is suspended an alizarin 
red test paper moistened with a solution of glycerine in water. The tube is 

heated at a temperature of 134 C and the time noted for the development of 
acid vapors as indicated by a color change in the test paper. 

7. Apparatus 

(a) Glass tube closed at one end and approximately 90 mm in length and 

* Reprinted from J. Soc. Mot. Piet. & Tel. Eng., 54: 381-383, March 1950. 
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9 mm internal diameter is fitted with a stopper 60 mm in length and of such a 
diameter that when covered with one thickness of test papers makes a close 
sliding fit in the tube. 45 mm of the stopper should then be in the tube. 

(b) A cylindrical double-walled copper air bath, 100 mm deep and 100 mm 
in diameter. The metal lid is lagged with asbestos composition 8 mm thick and 
contains a central hole to take a thermometer and six holes, of 12-mm diameter, 
suitably arranged to take six testing tubes. The outer jacket of the bath is fitted 
with a reflux condenser. 

(c) A supply of rubber rings to give convenient support to the tubes in the 
air bath. 

(d) A supply of large size filter papers (Whatman, No. 2). 

2. Preparation of the Test Paper 

This is conveniently prepared by impregnating a sheet of filter paper with a 
0.1% solution of alizarin red indicator in water to which has been added 2 ml 
of 2 N ammonia per 100 ml. The solution is allowed to drain off and the edges 
of the paper are subsequently discarded. The paper may then be air dried but 
should be further heated for 10 min in the steam oven before use, to drive off 
any traces of free ammonia. 

3. Method 

The outer jacket of the bath is charged with about 20 ml of pure xylefte and 
heat is applied by means of a small gas burner. When temperature conditions 
are steady the thermometer should read 134 C. 

In the meantime six tubes, as described at (a) under Apparatus, are prepared 
for test. Into each is placed a punching of the film under test, the punching be¬ 
ing 6 mm in diameter and weighing about 7 mg. A strip of test paper is cut to 
such a width that when wrapped around the stopper the whole of the latter is 
effectively covered without any overlap which would spoil the snug fit in the 
tube. The test paper is then moistened with a 50% solution of glycerine in 
water. Each tube is fitted with a rubber ring, the position of which is adjusted 
so that the part of the tube containing the test paper is wholly outside the bath. 

With all tubes in position in the bath the temperature and time are noted. 

The tubes are kept under constant observation, if necessary for rather more than 
one hour. 

The color of the test paper prepared as described is maroon, which, in the 
presence of acid vapors, is either bleached or becomes a pale yellow. The 
change is well marked and readily observed: for the purposes of this test, the 
time in minutes required for a positive result is taken when the lower edge of 
the paper is bleached or changed in color to a distance of approximately Vs in. 

Note 1. The apparatus described can suitably be increased in size so that 
more than six samples can be tested at one time. 

Note 2. If a tube is removed after test while the other tubes are in position, 
the vacant hole must be closed with a cork or bung. 

MICRO-CRUCIBLE TEST 

This test involves the determination of the loss in weight of a punching of 

cinema film when heated in a small porcelain crucible in a ventilated oven 
maintained at 100 C. 

The crucibles are of 1 ml capacity and are obtainable from Royal Worcester 
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Porcelain Co., or indirectly through laboratory supply firms. 

A disc of film of approximately 0.25-in. diameter and weight about 7 mg is 
punched out of the film in question and transferred to the crucible weighed to 
the nearest 0.01 mg. The combined weight of crucible and film is then deter¬ 
mined accurately, also to 0.01 mg, and the weight of film found by difference. 

The crucible and film are then heated in a ventilated oven maintained at 
100 C and the combined weight determined at 168 hr and 300 hr. The loss in 
weight is then calculated as a percentage on the original weight of the film. 


RESULTS 

Alizarin Red Heat Test 

60 min and over 

Under 60 min but not under 30 min 
Under 30 min but not under 10 min 

Under 10 min 


SENTENCE 

Micro-Crucible 

Test R etest after: 

(after 168 hr) 

— 2 yr 

— 1 yr 

Under 10% 6 months 

10% and over Copy and destroy 

— Copy and destroy 
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APPENDIX D 


Method of Desiccating Film 

Processed 35mm film and either raw or processed 16mm film may be desic¬ 
cated (dried) when necessary by means of activated silica gel. The desiccation 
of raw 35mm or wider film is not recommended for the reasons given on page 
30. Anhydrous calcium chloride, sometimes used as a desiccant, is not recom¬ 
mended for drying film because it liquifies when moist and is messy and 
corrosive. 

Silica gel may be obtained from the Davison Chemical Corp., Baltimore 3, 
Md., either in bulk or in small perforated aluminum containers called "Silica 
Gel Air-Dryers." These currently come in two sizes, one containing about 17 
grams (2/3 oz.) and the other about 40 grams (1-1/3 oz.) of silica gel and a 
color indicator which turns from blue to pink when the silica gel needs reac¬ 
tivating. Silica gel is reactivated by heating in a vented oven at approximately 
300 F for about 3 hours, or until the deep blue color of the indicator is re¬ 
stored. Bulk silica gel should be spread out in a tray not over an inch deep for 
reactivation. After reactivation the silica gel must be sealed immediately in a 
vapor-tight can or jar for storage until needed. It may be used and reactivated 
over and over again. 

QUANTITY OF SILICA GEL REQUIRED 

The first consideration in desiccating film is to estimate the amount of silica gel 
required. The use of excess silica gel should be avoided in the case of raw film 
because over-drying increases the chance of static marking. To estimate the 
silica gel needed for desiccation one must know the moisture content of the 
film at both the initial moist condition and the final dry condition desired, and 
also the moisture adsorption capacity of the silica gel. The equilibrium moisture 

content of acetate film at dif¬ 
ferent relative humidities is 
given in Figure 6. (The 
moisture content of film dif¬ 
fers a little with different 
emulsions, but this factor 
may be neglected for the 
present purpose.) The equi¬ 
librium moisture curve for 
silica gel is shown in Figure 
21. A more accurate method 
is to make a moisture analy- 


Figure 21. The equilibrium 

moisture content of silica gel. 
(From Kunz and Ives. 49 ) 

0 20 40 60 80 100 

RELATIVE HUMIDITY, % 
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sis by placing a 2-gram sample in a weighing bottle and weighing on an analy¬ 
tical balance before and after heating for one hour at 105 C. The difference 
between the two weights, calculated in percent, is the moisture content. 

Calculation of the amount of silica gel required for drying can best be ex¬ 
plained by the use of an example: 

Equilibrium- 
Relative 
Humidity, % 

Initial Condition of Film 80 

Final Condition of Film 40 

Moisture to be removed 

Initial Condition of Activated Silica Gel 0 

Final Condition of Silica Gel 40 

Moisture to be adsorbed 
Amount of Silica Gel Needed 

2.7 

=-X 100 = 15.5% of the weight of film 

17.5 


The weight of silica gel per 1000 feet of film can now be calculated using the 
film weights in the table below: 



Weight of Acetate Film 


Grams Per Foot 

Ounces per 1000 ft. 

16mm 

1.0 

35 

35mm 

2.2 

77 


15.5 

-X 35 = 5.4 oz. per 1000 ft. of 16mm film. 

100 

15.5 

-X 77 = 12 02 . per 1000 ft. of 35mm film. 

100 

The values in the table on the following page have been calculated by this 
method for convenient reference. 


Moisture 
Content, % 


4.9 1 

! From 

2.2 J 

[ F ig. 6 

2.7 


°1 

I From 

17.5 ) 

[ Fig-21 

17.5 



4 
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Amount of Activated Silica Gel Required to Dry Film from One 

Relative Humidity to Another 

I 

Initial R.H., % 

30 40 50 60 - 70 80 90 

Final R.H., % 

20 

30 

40 

50 

60 

Ounces of Silica Gel per 1000 feet of 35mm Film* 

3.4 6.8 11 15 22 33 49 

- 2.2 4.7 7.4 12 19 29 

1.8 3.8 7.1 12 19 

1.6 4.2 7.8 14 . 

- 2.2 5.2 10 


* Multiply these figures by 16/35 = 0.46 to obtain quantity of silica gel per 1000 feet of 

16mm film. 


PROCEDURE 

Film to be desiccated should be removed from its container and placed in a 
larger can along with the correct amount of activated silica gel and sealed. Both 
surfaces of the film roll should be exposed to the drying action of the silica gel. 
If bulk silica gel is used it should be separated from the film by a piece of fine 
muslin to prevent dusting. Where large rolls or several rolls of film are to be 
desiccated, a special air-tight metal box should be constructed. Shelves may be 
made of wire screen and placed about two inches apart so that rolls of film may 
be alternated with layers of silica gel. 

The film should be left in the desiccating chamber for the times indicated 
below: 

Time Required for Desiccation, Weeks 

16mm 35mm 

Rolls on flanged camera 

spools (100-ft.) 2 4 

Rolls on cores. 1 2 

In the case of raw film, processing should be arranged as soon as possible re¬ 
gardless of other factors. If time can be saved, the film may be shipped to 
the processing laboratory with the silica gel still in the container. If this can¬ 
not be done, or in the case of processed film when desiccation has been 
completed, the film should be removed from the chamber and resealed with 
fresh tape in its individual container. The silica gel must then be reactivated 
before using again. 

More detailed information on film desiccation is given in the literature 

(49). 
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